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SAVE 


VALUABLE 
FOREIGN 
EXCHANGE «” 


Use methods which 
do away with 
expensive capitai 
equipment like large air 
compressor installations! 










OUTSTANDING FEATURES: 
@ No air compressor or air line installations necessary. 


@ Drive unit can be petrol, diesel or electric powered. 









@ Flexible oil power lines permit drilling a number 
of holes without moving power unit. 


@ Speedy, accurate drilling with gauge size maintained 
to full depth in hardest rocks. 


e@ Hydraulic drive allows diamond bit speeds and feeds 
to adjust themselves to conditions found in hole, 
and smooth running hydraulic motor reduces vibration. 


MINDRILL 


DIAMOND DRILLING 
EQUIPMENT 


GREAVES COTTON & CO.,LTD. 


Bombay Ahmedabad Bangalore Calcutta Coimbatore Kanpur Madras New Delhi Ranchi 
Ralli House. P. B. No. 702, 16 Hare Street, Calcutta 1 
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r SIEMENS 
= INDIA 
oa 

hs —A A wide choice of 


Electrical Equipment... 


...is manufactured in India under 

Licence SIEMENS Germany. Every one of 

our products embodies the experience 

of more than acentury's work in all branches 

of electrical engineering. The equipment is 
specially suited to withstand tropical conditions, 


Equipment manufactured: 


Motors, Transformers, 
Tropodur Wires and Cables, 
Paper insulated Cables, 
Switchgears, Meters etc. 


SY-3 


SIEMENS ENGINEERING & MANUFACTURING CO.OF INDIA LTD. 


BOMBAY + CALCUTTA + NEW DELHI + MADRAS + BANGALORE * VISAKHAPATNAM + AHMEDABAD + LUCKNOW 
. NAGPUR + SECUNDERABAD + TRIVANDRUM 
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COOL ENOUGH 

FOR AN 
ELEPHANT... 
~<a 
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but your industry needs 


FILM COOLING TOWER 


FORTY years’ experience backs the 
design and erection of ““FILM FLOW” 
Water Cooling Towers...specially 
designed for your industry and location. 


Whether you are interested in the 
atmospheric or natural draught tower, 
the mechanical forced or induced tower... 
the right type of cooling tower for 

your use can be supplied by us. 


We offer you technical advice and will be 
happy to assist you in solving your water 
cooling problems. Please write to us. 


LARSEN & TOUBRO LIMITED 


Bombay P O. Box 278 « Calcutta P.O. Box 619 
Madras P. Bag 5247 « New Delhi P.O. Box 323 
Bangalore P.O. Box 98 « Cochin P.O. Box 55 
Ahmedabad P.O. Box 283 





IN SERVICE LIES SUCCESS 
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70 START WITH 
@ ERSKINE HEAP 


OIL IMMERSED 
STARTER 
TYPE SD-10 


i] NOW 
| MANUFACTURED 
"IN INDIA 


| 

















by 
contact Kilburns 


KILBURN & CO. LTD. 


Agency Department, 2, Fairlie Place, Calcutta-| 





AHMEDABAD BANGALORE BOMBAY COIMBATORE KANPUR MADRAS 
Post Box No. 1065 Post Box No. 10 Post Box No. 565 Post Box No. 763 Post Box No. 286 Post Box No. 1700 
NAGPUR NEW DELHI RANCHI SECUNDERABAD TEZPUR 
Post Box No. 79 Post Box No. 166 Post Box No. 54 Post Box No. 71 P. O. Tezpur. 


Field Office DISHERGARH, Dist. Burdwan, West Bengal. 


PSKL-60B/! 
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SELENIUM 


RECTIFIERS 


Now assembled in India. 
Also Battery Chargers & Rectifier 
equipment for AC/DC conversion; 
Power Packs & Battery Eliminators. 
Enquiries to 
ELECTRICAL 
ENGINEERING DEPT. 
MARTIN BURN LTD., 


MARTIN BURN HOUSE, 
12 Mission Row, Calcutta | 
Branches at: 


Delhi Bombay Kanpur 











Agents in South India : 
The Crompton Engineering Co. (Madras) Private Led. 
2nd Line Beach, Madras-! 
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DEMAND 


IS EXACT BUT SIMPLE 
...Power Tools 


« 


BENEFITS IN BRIEF 


Switch on—and it is immediately evident that here is a 
tool correctly balanced for fast, high-powered drilling THE FINEST 
penetration of up to ¥” capacity in steel and 1” in hard wood. ELECTRIC TOOLS 
Full load spindle speed of 475 r.p.m. and a nett weight IN THE WORLD 
of only 10 lbs. make the SD4c accurate and effortless in use. Made in India by Ralliwolf Limited 


Bench Stand type ES14 rts to sturdy drill pres 
aR eS RGN chine agua nlaaal Sole Distributors: RALLIS INDIA LIMITED 
Wolf assures spares and prompt service 16 Hare Street, Calcutta-1 


BENEFITS IN FULL Bombay - Madras - New Delhi - Kanpur 







WOLF 14" 
GENERAL DUTY DRILL 
TYPE SD4c 


efficient, reliable...to cut time, labour 
and minimise effort. Industry demands 
Wolf and that speaks volumes. 


There’s more to the SD4c than we’ve space 
to tell you here. If you would like more information, 
please write for details. 


Accredited dealers throughout India 


INDIAN JOURNAL OF POWER & RIVER VALLEY DEVELOPMENT 





The set of three generators above—each generating 
133,000 kVA—is the second largest of its type in 
the world. 

it has been installed in Japan’s newest power 
development project, the Okutadami Power Station. 
The mammoth power transformers with a capacity 
of 300,000 kVA are also destined to boost prosperity 
for homes and industries. 

They were both built by Toshiba, where 45,000 skilled 
scientists and technicians are daily translating 85 
years experience into better living through electronics. 
For information about any type of electrical equipment, 
be sure to consult Toshiba. 


TOKYO SHIBAURA ELECTRIC CO., LTD. 


Tokyo, Japan. Cable: TOSHIBA TOKYO 


‘Contributing 


to 
your 


better 


living! 










THIS IS YOUR 
GUARANTEE 

FOR QUALITY 
CABLES 


GLOSTER 
CABLES 





FORT GLOSTER INDUSTRIES, LTD. 





IS :434 


GLOSTER CABLES for all industrial and domestic 
purposes are manufactured strictly conforming to 
1.S: 434, 


GLOSTER CABLES are manufactured in technical 
collaboration with British Insulated Callendar’s 
Cables Ltd., London, one of the foremost Cable 
manufacturers in the world. 


GLOSTER CABLES are on D.G.S. & D Rate Contract 
and are approved by all important State Electricity 
Boards, P. W. Ds and Government Departments. 


Above all each and every reel of Gloster Cable is 
individually tested and sealed with 1.S |. Certification 
Mark ; THIS IS YOUR GUARANTEE FOR QUALITY. 


FElyA— 


CABLE DIVISION, 
14, NETAJI SUBHAS ROAD, CALCUTTA.1. 


Managing Agents : 
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KETTLEWELL BULLEN & CO., LTD. 
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Penstocks, Pressure shaft linings, 
Substation steel structures 

Gantry and overhead travelling cranes 
Pylons, water gates 


& 


“ie 





Pressure test and Electric Strain Measuring carried out on the manifold 
of the KOYNA POWER STATION (Maharashtra State). Test pressure 1420 psi. 
Diameters 86” /2 x 6’. Thickness 1” 27/32” and 1” 37/64. Weight 40.5 tons. 
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GENERAL DETAILS 
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STANDARD TYPE WITH OFFSET SPILLPLATE 


E24 


=} 


METHOD OF APPLYING *"ZEDD™ LIDS 


Feri 





Low TYPE WITH "‘DROP-IN** SPILLPLATE 
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The Cowlishaw, Walker Conveyor has 








a top pan detachable from the bottom pan, 


providing unique easy access to return chain. 


At the ends of top and bottom 


pans embracing butt scraps provide easy snaking 


on simple articulated metal joints, 


thus ensuring no leakage of coal. 


COWLISHAW WALKER 
& COMPANY LIMITED. 


Sole Agents 











MADRAS. 





BOMBAY. 





CALCUTTA, 





NEW DELHI 
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The taper takes all the loads 
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EACH WHEEL CARRIES 25 TONS 
ON TIMKEN TAPERED ROLLER BEARINGS 


This unusual machine handles and installs 68-ton 
sections of precast concrete pipe. It rolls into the pipe 
with its front wheel elevated, then “‘walks’’ on to the 
wheel, does not crush the pipe edge. When it lifts the 
pipe each of the six wheels carries 25 tons. The wheel 
manufacturer, Kay-Brunner Steel Products, Inc., Los 
Angeles, Calif., U.S.A. wanted to be sure the machine 
would handle these tremendous loads. That’s why 
they mounted two Timken tapered roller bearings in 
each wheel hub for rigidity and adjustability. 

Because of their tapered design, Timken bearings take 
all radial and thrust loads. The full-line contact of 
Timken bearing races and rollers gives them extra 


Exclusive Industrial & Railway Distributor: 


William Jacks & Company, Ltd. Bombay 








load-carrying capacity. 

Look for Timken bearings on the machines you buy. 
Specify Timken bearings for the machines you build. 
And let our engineers work with you to help you get 
the most for your bearing expenditure.‘ The Timken 
Roller Bearing Company, Canton, Ohio, U.S.A. 
Cable: “TIMROSCO”. 


Industry rolis on Om ae on 
tapered ‘roller bearings ee O 





manufactured in Australia, Brazil, Canada, England, 
France and U.S.A. 


¢ Calcutta * Madras * New Delhi. 
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ait TUBULAR s ‘ 
The most efficient carriers aaa 





of Power Line, Tubular 

STEEL Steel Poles manufactur- 

ed by Indian Tube make 

economies possible for 

POLES electricity boards. Better 

in every respect than such 

substitutes as concrete or 

" FOR wooden poles, Tubular 
Steel Poles are impervious 

to termite attack, offer 

ECONOMY less wind resistance, re- 
quire the minimum it 

maintenance and LAST 

AND & MUCH LONGER. Manu- 

factured from high tensile 

steel under rigid quality 

DU RABILITY | control, Tubular Steel Poles 
have an excellent strength- 

‘ae to-weight ratio and a high 

“ degree of resistance to 
accident damage, thus 


a“ 3 
ae : nsuring greater safety. 
ae 
oo" INDIAN TUBE 
dl ad A THE INDIAN TUBE COMPANY 
Pag aunt (1953) LIMITED 
i ; A TATA-STEWARTS AND 
ee Pi LLOYDS ENTERPRISE 





ITC 44¢ 
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Another 
big 
Hydraulic 
Turbine 
and 
Generator 


by 
Hitachi 


Hitachi has recently completed two 137,500 kw/125,000kVA hydraulic turbines and 
generators for the Miboro Power Station in Central Japan. The turbine is of the 
vertical-shaft Francis type, and specified for a speed of 225rpm, a maximum effective 
head of 200m and 76.6 cu.m/sec water flow, making it one of the largest units of its 
kind in the world. Its runner has a maximum diameter of 3.7m and the main shaft a 
diameter of 95cm. The spiral casing, which was constructed in 13 sections to facilitate 
transportation to the site, has an inlet diameter of 3.35m and an outer diameter of 11.2 m. 


The generator presents a high-torsoed appearance, having been so designed in considera- 
tion of the comparatively high speed. Since the generator was designed for a rated 
voltage of 16,500 volts and, in this respect, represents the first such attempt in Japan, 
particular care was taken in the corona-shielding and impulse resistance of the stator 
winding. The generator is rated at 60 cycles, 225rpm and 0.9 power factor but is also 
capable of operating at 50 cycles, 187.5rpm and 1.0 power factor. 

















©) itachi, Ltd. a 


Cable Address: “HITACHY” TOKYO 


Sole Distributors 


WILLIAM JACKS & CO. LTD. 


CALCUTTA BOMBAY MADRAS NEW DELHI 
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Otl Immersed 








Combined Air Break 
Rotor-Stator Star/Delta 
Starters Starters 












Auto 
Transformer 
Starters 






Oil immersed 
Star/Delta 
Starters 













Oil Immersed 
Push Button 
Direct-on-Line 
Starters 






Direct-on-Line 
A.C, Motor 
Starters 
















A. C. MOTOR STARTERS 


0.5 H. P. to 200 H. P. 


Motor Control Equipment for eliminating failures 
due to overloading and low voltage call for the 
utmost care in selection. M. E.1. Motor Control Gear 
gives ail the benefits of Standardisation of Control 
equipments. 


Manufactured by : 
THE fiVSORE ELECTRICAL INDUSTRIES LTD. 


P. O. Box 561, Bangalore 2. 


Sales & Service: LAEC 


INDUSTRIAL & AGRICULTURAL ENGINEERING CO. (BOMBAY) PVT. LTD. 


43, Forbes Street, Fort, Bombay |. 


Branch at: ‘K’ Block, Chawdhary Bldg., Connaught Circus, New Delhi. 
Associated Offices at: MADRAS, CALCUTTA, BANGALORE, HYDERABAD (DN.) 
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HAUL 


MORE TONS 


PER HOUR 


AT 


LOWER 





COST 


Haulpak’ 


The only Rear Dump truck designed and 
manufactured specifically for heavy duty 
hauling at your mines and quarries. 


Lw 


Wi Sting wows 


WITH 








Special Features Like 
Lowest Centre of Gravity e Shortest Turning 
Radius e Highest Power to Weight Ratio e 
Maximum Braking Area e Only 4 Grease 
points e Independent Hydrair Suspension 





and many more add up to lowest net cost 
of hauling under various job conditions. HYDRAIR 











Ask Vacks abat-it- William Jacks & Co.Ltd. 


{ Incorporated in England. Liability of Members Limited ) 


CALCUTTA BOMBAY MADRAS NEW DELHI 


WIC-385 
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CEMENT 
WATERPROOFING 
= =§=§=COMPOUND 


INDISPENSABLE 


for use in concrete under water and 
for heavy load machinery. Also pre- 
vents saltpetre action & dampness 
of the structure. 


ili! 


alm 
‘al = = 


CEMENT RESEARCH CORPORATION PRIVATE LIMITED. 


15, GOBINDA BANERJEE LANE, CALCUTTA-33, Phone : 46-7057, CABLE: “SOURANIL’ 
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For maximum efficiency — economy — 


fit Standard Th Batteries 


in your Industrial Trucks 


All-round saving on battery costs: Compared to ordinary batteries 
for industrial trucks, STANDARD TPg Traction Batteries offer a higher 
capacity-to-weight ratio, an increased service life up to 100%, longer, and a 
saving of up to 10% in battery costs. Write today for full details! 



























































Fork-Lift Truck Battery- powered industrial truck 


am Truck a 
eo Standard — India’s best Batteries 


JWT-STB.43 (a) STANDARD BATTERIES LIMITED, Bombay 55 
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delay your 
projects! 


Yes, with the extra penetration of Halco-Stenuick Drilling Machines, percussive 
drilling in all types of rock is possible. Designed to drill at any angle from Vertical 
to Horizontal, Halco-Stenuick Drilling Machines are the most versatile primary 
blast-hole drills on the market. Halco-Stenuick Drilling Machines have won an 
international reputation for their ease of operation, manoeuvrability and economy. 
Also available are Edeco Percussion Drilling Machines, and Dembitzer Drill Bits 
and Reamers. ‘ Diamond drilling bits and equipment are available in standard sizes 
or built to individual specifications. 


Sole Agents in India: 


KILLICK, NIXON & CO,., LTD. 


(A wholly owned subsidiary of Killick Industries Ltd.) 


BOMBAY: 31, Murzban Road, Post Box 109, Bombay 1 * CALCUTTA: D-2 Gillander 
House, 8 Netaji Subhas Road, Post Box 719, Calcutta-1 * NEW DELHI: LOA Gobind 
Mansion, Indra Palace Lodge Annexe, ‘‘H” Block, Connaught Circus, Post Box 607. 
MADRAS: C/o. Post Box 1542 + AHMEDABAD: Relief House, Opp. Jyoti Sangh, 
Relief Road, Post Box 128 * AGENTS FOR ANDHRA PRADESH: Glenwel & Co., 16 


Durga Bhavan, Rashtrapathi Road, Secunderabad. 


1-9-3N» 





DEMBITZER Diamond Bits 





HALCO-STENUICK 
Drilling Machine 
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EDCO 
Drilling Machine 















lere’s Another Way to 
MAKEYOUR TRUCK TYRES 
LAST LONGER ! 


At its present maximum output the Tyre Industry in India cannot manufacture sufficient 
truck and bus tyres to accommodate the needs of every vehicle owner. 

It is not a matter of distribution. Throughout the country, authorized Tyre Dealers 
have taken the proper action to ensure that tyres are allocated at the published retail 
prices on a strict priority basis to those whose need is greatest. 

Some time will still elapse before new tyre factories start production and before the 
expansion schemes of the present manufacturers bear fruit. 


in the meantime, what-? 


WE BELIEVE that this scarcity condition can be eased if every truck tyre user takes greater care of his 
tyres—so that they can be RETREADED for further mileage and longer life. Remove tyres from service 
for retreading before it is too late! 


THE PICTURES TELL THE STORY 








WM 

















RETREAD WHEN “PATTERN SMOOTH” 
WATCH OUT FOR MORE TYRE SAVING INFORMATION FROM 


Firestone 
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New power in industry 


On a 600-acre site at Durgapur, amidst intense 
activity, the scene is being set for yet another 
vitally important contribution to India’s indus- 
trial growth—a contribution made possible 
through the vast technical knowledge of ACC- 
VICKERS-BABCOCK LTD. (A.V.B.), a new 
and powerful industrial group formed by The 
Associated Cement Companies Limited, Vickers 
Limited and Babcock & Wilcox Limited. 


Already, considerable progress has been made 
in erecting this new Industrial Plant. Workshops 
are rapidly taking shape and foundations are 
being prepared for some of the most up-to-date 
machinery in the world. Very soon now the 
A.V.B. Plant will be ready to make its contri- 
bution to Indian industry, and to help Indian 
engineers overcome some of the difficulties 
which have faced them for so long. 


MODERN EQUIPMENT 


Some of the most up-to-date industrial équip- 
ment of its kind in the world is being installed 
in the new A.V.B. Plant, from the radio-active 
cobalt X-ray equipment capable of X-raying 
steel plates up to a thickness of 6” to the vast 
3,000-ton hydraulic press, the largest in Asia, 
designed to bend steel plates of up to 5” thick- 
ness. The workshops of A.V.B. are thus fully 
equipped to manufacture machinery for the 
cement-making and mining industries, thermal 
power plant and industrial steam-raising equip- 
ment equal to the best in the world. 


VITAL ROLES 


THERMAL POWER: A.V.B. have the techni- 
cal knowledge, the men and the machinery to 
participate in the supply of vital plant to be 
installed in Thermal Power Stations throughout 
India. They will make a notable contribution 
towards the target set by the Government for 
erecting boiler plant and thermal power plant 


to the value of Rs 34 crores per year by the 
end of the Third Five Year Plan. 


CEMENT-MAKING MACHINERY: A.V.B. 
are already discussing projects which will enable 
them to supply machinery to help increase the 
output of cement for which the Government’s 
target is13 million tons per year at the end of 
the Third Five Year Plan. Not only will A.V.B. 
help to meet the exigencies of industrial ex- 
pansion but they will ultimately contribute to- 
wards the earning of valuable foreign exchange 
through export. 


SITE STRATEGICALLY LOCATED 


A.V.B. have shown considerable foresight in 
the location of Durgapur as their base for ope- 
ration. Close to the now well-known Durgapur 
Steel Project, they are within what is fast deve- 
loping into the industrial heart of India. They 
are within easy reach of India’s coal and gene- 
ral mining centres. The Port of Calcutta is only 
a hundred miles away, a factor which is of 
tremendous advantage for the import of special 
raw materials. 


EFFICIENT STAFF 


The new company has adopted a far-sighted 
policy regarding the housing of the staff at 
Durgapur. Resulting from this the AVB hous- 
ing colony which is situated but a short distance 
from the factory site is one of the finest in 
India. The houses are modern and the colony 
itself will be completely self-contained with its 
own dispensary and its own shops, parks and 
playgrounds. Here will live the workers of the 
A.V.B. group from the man of the shop floor 
to the skilled engineers and advanced techni- 
cians, a team that will keep a close watch on 
this modern plant which will harness such a 
vital and powerful new force to Indian industry. 


...@ Powerful Partnership for Progress 
ACC-VICKERS-BABCOCK. LTD. 16, Queen’s Road Estate, Bombay 1 


CALCUTTA OFFICE: Ilaco House, | & 3 Brabourne Road, CALCUTTA 1 = WORKS; Durgapur, West BENGAL 
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os The Indian Cable Company Ltd. 


9, Hare Street, P. 0. Box 514, Calcutta. is; 

ASS Representatives in India for BRITISH INSULATED CALLENDER’S CABLES LTD. 
Branches-AHMEDABAD, BANGALORE, BOMBAY, COIMBATORE, JAMSHEDPUR, 

ei Ee ee ae KANPUR, MADRAS, NAGPUR, NEW OELHI AND 
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25.000 kw. 
80.000 kw. 
2.40,000 kw. 
3.000.000 kw. 
10,.00,000 kw. 


The Hindustan Construction Company Limited 
has contributed substantially in constructing 
more and more power-generating units. 
Having completed the Dombivli Power House, 
the Cossipore Generating Stations in Calcutta, 
the Delhi Thermal Power House of 25,000 kw. 
and the Power House for the Maithon Project 
of the Damodar Valley Corporation of 80,000 
kw., The Hindustan Construction Company 
Limited has further elaborate power generation 
jobs on hand—Koyna of 2,40,000 kw., Rihand 
of 3,00,000 kw. and Sharawathi .of 10,00,000 
kw. They all speak of the substantial contribu- 
tion of The Hindustan Construction Co. Ltd. 
towards power generation all over the country 
...to keep the cog wheels of industry moving... 
the course of life flowing... 


THE HINDUST AN CONST RUCTION CO. LTD. 


ANG s 
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Construction House, Ballard Estate, Bombay-1 
A ‘WALCHAND GROUP’ INDUSTRY 
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STANDARD MOTORS rely on 
CARBORUNDUM UNIVERSAL ABRASIVES 
for all grinding operations 






“The moving parts in a motor car 
must be ground to very close limits of 
accuracy and with good finishes, so as to 
prevent friction and so prolong the life 
of the parts. Carborundum Universal 
grinding wheels enable us to obtain the 
perfect accuracy and fine surface finishes 
so essential for the production of these 
moving parts. Also, the consistent 
good quality of Carborundum Universal 
abrasives, assures us of the high standard 





of every grinding operation.” 
We now manufacture 
~STANDARD MOTOR PRODUCTS CARBOFLEX Reinforced Depressed 
OF INDIA LTD., Centre Wheels for foundries and for 
MADRAS weld dressing operations 











In any industry... for any grinding operation... 
you can rely on Grinding Wheels made by 


CARBORUNDUM UNIVERSAL LTD. 


Head Office; 52/53, Jehangir Street, Madras-] Telephone 2941 (8 lines) 
Works; Tiruvottiyur 


Distributors: MESSRS, WILLIAM JACKS & CO., LTD., 
Calcutta-1, Bombay-!, Madras-!, New Delhi, Bangalore-1, Kanpur, Hyderabad. 
For Specialties only: MESSRS. H. S. COX & CO, PRIVATE LTD., 24, Rampart Row, Bombay. 
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Second Plan 
Coal Target 


Exceeded 


Michigan Tractor Shovels help to overcome 
loading problems and have appreciably 
contributed to the achievement 
by N.C.D.C. . 
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Tractor Shovel 


Pick the size Machine 

that best fits your needs. 
Choose from 8 basic Models. 
100 ‘different buckets and 
attachments. Capacities 
6 cu. ft. to 12 cu. yds. 


FAST CYCLES, FULL BUCKETS ARE THE TRADE MARK OF ALL MICHIGANS, 
INCLUDING THIS OWNED .BY N.C.D.C.,WORKING AT BOKHARO. 


r UNITED PROVINCES COMMERCIAL CORPORA 


CALC 
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Through these strong steel walls of the penstocks water fushes down to the powerhouse 
gaining the velocity and kinetic energy required to whirl the turbines and generate electricity. 
The power that emerges from the hydro electric projects is thus born in the circular walls of 
these penstocks. IHP is supplying these penstocks to almost all major hydro-electric projects 
of India today. 
Every day tons of vital penstocks of various diametres and thicknesses roll off the lines of the 
IHP factory at Hatdapsar assuring a continuous supply to meet the requirements of the 
various hydro-electric projects planned in the 2nd & 3rd Five Year Plans. 


lA THE INDIAN HUME PIPE CO.LTD. 


A WALCHAND GROUP INDUSTRY / Construction House, Ballard Estate, Bombay-1 
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Branches at: BOMBAY NEW DELHI MADRAS BANGALORE COIMBATORE NAGPUR 


AEl’s ‘Light’ Products -MAZDA LAMPS 


AIC 236 


INDIAN JOURNAL OF POWER & RIVER VALLEY DEVELOPMENT 














aoe at et 


Fae 


DAWA Fey 


von eer RENNES 


ean ees 


1 ORR CEITT  e 








R. K. Sehgal 


Engineer, Grade I 
State Electricity Commission of Victoria 
Australia 


Short Term Estimates of 
Load and Energy Requirements 


cp PROBLEM OF FORECASTING FUTURE ELECTRI- 
city demand is not an easy one, but for a rapidly 
expanding country like India, it is one which must 
be tackled. India’s industrial and other development 
obviously cannot proceed satisfactorily unless ade- 
quate supply of electricity is ensured during the 
coming years and this cannot be done unless proba- 
ble future demand is known. 

The following brief account of ways of forecasting 
electricity demands is based on methods developed 
and used at the Victoria State Electricity Com- 
mission in Australia. (For details about the S.E.C., 
Appendix I may be consulted). The figures and 
illustrations pertain to the S.E.C. However, the 
methods can be readily adapted to the Indian condi- 
tions by taking into account planned expected 
development. 

Long term forecasts usually place emphasis on the 
annual maximum load and annual energy. Short term 
forecasts, for periods up to eighteen (18) months 
ahead, must be produced in much greater detail to be 
adequate for such purposes as the planning of plant 
maintenance programmes and the planning of the 
plant required to be available for service. 

The detail required from short term forecasts are 
monthly estimates of peak and valley loads and at 
least sufficient estimates of load at other significant 
times to enable the complete daily load curve to be 
described. An estimate of the monthly week-day 
average load curve is particularly useful for opera- 
tional planning. 

As mentioned above, two types of forecasts are 
necessary, load forecast which governs required gene- 
rator capacity, and the energy forecast, i.e., total 
kilowatt hours. The load forecast is based on the 
statistical processing of a sufficiently large sample 
of historical load data to allow the effect of daily 
weather and other fluctuations to be smoothed. The 
energy forecast also aims at smoothing out fluctua- 
tions. Those due to weather, in particular those of 
temperature, are smoothed by a more direct process 
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of correlating temperature with energy. 

No account is taken of any abnormal local demand 
arising out of new decisions for placement of big 
factories, etc. Such factors must be considered separ- 
ately and their effect can be incorporated in the fore- 
casts fairly readily. 

To allow the analysis to proceed satisfactorily, it 
is necessary to obtain a reasonably representative 
sample of data. Therefore, for a week-day load ana- 
lysis it is necessary to exclude abnormal loading days, 
such as days of industrial trouble or holidays and the 
days immediately prior to and after the Christmas 
holidays. 

Each of the two forecasts, namely, load and 
energy, can be handled in either of two ways, referred 
to below as the “Centred Moving Average” and 
“Temperature Correlation”. However, for sake of 
brevity the former will be discussed in relation to 
load forecasts while the latter will only be applied 
to energy forecasts. 


Load Forecasting—Centred Moving Average Method 

Data required for load forecasting is deduced from 

a study of the daily load curve for the system, a typi- 
cal one for a working week-day for the S.E.C. system 
is shown plotted in Figure 1. The salient times 
become at Once apparent :— 

0500 hours — valley (an attempt has been made in 
recent years to fill this valley by 
offering cheap night rate hot water 
service to consumers) 

0815 hours — commercial. industrial and domestic 
peak 

1400 hours — as a measure of afternoon load 

1800 hours — domestic evening peak 

2000 hours — summertime domestic peak, there- 

fore not apparent in Figure 1. 
2330 hours — night rate hot water service comes 
into operation. 
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Preliminary Analysis 
In practice all the peaks are considered, but for 
sake of simplicity, only the treatment of 0815 hours 
peak will be shown here. 
1. Tabulate the daily load for 0815 hours in 
monthly groups for the past few years as shown 
in Table 1. 


2. Calculate the arithmetical average x 
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2A. Also calculate standard deviation o. This will 
be used later. See Appendix III. 


Procedure 

(a) Tabulate the loads, i.e., x ’s as obtained under 
item 2. Obtain the centred moving average and the 
index I from the tabulation as shown in Table 2. 

(b) Plot the monthly indices for all the years trea- 
ted, giving a total of twelve graphs. Graphs for Feb- 
ruary, May, July and October are shown in Figures 
2—5 


(c) Draw a line of best fit through the points as 
shown and extrapolate. 

If the total of the extrapolated values of the indices 
exceeds 12 x 100, it may be necessary to level these 
indices. This may be done by plotting the extrapo- 
lated values of the indices as a time series and a ready 
means of smoothing will be apparent. 

(d) Plot centred moving average figures (from 
Table 2), join and extrapolate. Figure 6. 

(e) Obtain estimate for future by multiplying ex- 
trapolated centred moving average by appropriate 
levelled index I. 
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Example 


Estimate for 0815 hours peak for May, 1961. 

Extrapolated centred moving average = 992, Ex- 
trapolated index I = 105.9%. 

.. Forecast 992 x 105.9% =1050 MW 
Note 

The maximum load likely to be experienced in 
any given month may be estimated on the assumption 
that load variations from day to day follow statisti- 
cally a normal distribution curve with mean equal 
to the forecast average value and standard deviation 
obtained by extrapolating its trend line to the year 
concerned. By planning for a maximum daily demand 
equal to “mean 2 std. deviation” one would be 
conforming to common practice in statistical analy- 
sis of accepting a calculated risk of expecting an 
actual daily demand in excess of that provided for, 
about once in 20 cases. A reserve of plant over that 
required to meet the estimated Daily Maximum 
Demand would also be provided for in the usual way. 


Energy Forecast—Temperature Correlation Method 

The temperature correlation method, as the name 
suggests, is based on a more direct relationship bet- 
ween temperature and electricity demand. Therefore, 
in addition to obtaining (and tabulating as in 
Table 3) the week-day energy figures for past few 
years, the following figures for temperature must be 
obtained. 


1. Dry/wet bulb daily mean temperature 
(max. + min.) ’ ; ; 
> from which a monthly arithmetic ave- 


rage is calculated. 


Note: 


Although it is considered that wet bulb tempera- 





WEEKDAX AVERAGE ENERGY 
KWH x 10 * 
B 
So 
°o 






™ 
“BASE ENERGY LINE 


tures may give better results, dry bulb temperatures 
are used in the S.E.C. because records and processed 
data for dry bulb temperatures were readily avail- 
able from the Melbourne Bureau of Meteorology. 

2. Long term average mean monthly temperature 
for each month, i.e., average of figures in 1 above over 
several years. 


Procedure 

(a) Tabulate week-day average energy in column 
B, Table 4. Also fill in columns A and E for dry bulb 
mean monthly temperatures, and long term average 
mean monthly temperature respectively. 

(b) Plot the week-day average energy figure for 
the month on a semi-log paper as shown in Figure 7. 
As expected, the crests and troughs of this plot will 
be seen to ascend each year and a straight line 
passing approximately through the troughs can be 
readily drawn and extended. 

As the summer load is the minimum load of the 
year, any increase in load due to weather and seasonal 
variations can be expressed as a ratio of the average 
summer load. The straight line drawn as explained 
above can be designated as Base Energy line (base 
load line in the case of load forecasts). 

week-day average energy ' 

: = — R=function of tem- 
base energy 
peratures. 

(c) Columns C can now be filled in Table 4 by 
reading the figures off Figure 7. 

(d) From columns B and C, calculate the ratio R 
to fill column D. 

(ec) Using columns A and D, plot values of R 
against corresponding values of mean monthly tem- 
peratures. Draw a line of best fit through the points. 
Figure 8. 
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Note : It will be seen that the points are scattered. 
This led to some further examination and investiga- 
tions, and it appears that the points corresponding to 
months January to July (shown by dots) in general 
fall on a higher level than those for August to Decem- 
ber (shown by crosses). This indicates that perhaps 
“two lines of best fit” can be drawn (as shown faint- 
ly), instead of one. However, the results obtained by 
using two lines were not any better. Further work 
will need to be done before it can be established that 
“two lines of best fit” will give more accurate results. 

(f) Corresponding to figures in column E, read off 
values of R from Figure 8, and enter in column F. 

(g) Enter figures in column G, by reading off from 
Figure 7. 

(h) Obtain estimate for future by multiplying figure 
in column G by that in column F. Enter in column 
H. 


Example 
Estimate for May, 1961. 


Corresponding to long term average monthly tem- 
peratures for May of 54.3, R = 1.156 from Figure 8. 


Base energy for May, 1961, from column G for 
1961 is 1786 x 10' kWh. 


.. Forecast for May, 1961 =1.156 x 1786 x 10' 
2060 x 10' kWh. 


Further Comments 

1. Although the centred moving average method 
is illustrated for load forecast, it can be similarly 
applied to energy forecasts. Equally the temperature 
correlation method may be similarly applied to load 
forecasting. 

2. For comparison and interest, column J in Table 
4 shows actual figures obtained from 1959 and part 
of 1960. It may be concluded that the forecast is accu- 
rate to within 1-2%, thus illustrating the efficacy of 
the method. 


3. It must be realised that the techniques shown 





have been evolved over a period, and take into 
account local peculiarities relevant to the subject. 
No doubt, further refinements would be made in 
future as more information and experience are 
obtained. 

4. The methods shown can, in principle, be ap- 
plied to other places but local modifications may be 
necessary. Co-operation of the meteorological autho- 
rities is very important, not only in forecasting but 
daily load scheduling so that extra plant may be 
placed in service in anticipation of extra lighting or 
heating load. 

5. The forecasts obtained by the methods illustra- 
ted herein are expected to be reasonably accurate up 
to about eighteen (18) months in advance. 


Conclusion 


It is probably true to say that in most forms of 
forecasting there is more art than science. However. 
the above procedures reduce the amount of personal 
judgment to a minimum and, therefore, can be largely 
carried out by more junior staff without detailed 
Supervision 

Whilst the centred moving average method is some- 
what simpler than the comparatively newer tempe- 
rature correlation method, it is thought that the latter 
should give better results. However, both methods 
described are being tried on an experimental basis 
and neither of them has been finally adopted by the 
S.EC, 
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Appendix I 
STATE ELECTRICITY COMMISSION OF VICTORIA—SOME 
BaSiIc STATISTICS AS AT 30TH JUNE, 1959, 
(FOR YEAR 1958—1959) 
(a) Installed Capacity of generators (inter- 
connected state grid) 
Base load thermal stations (ex- 


Megawatts 
clusively brown coal) 455.00 
Peak load thermal stations (in- 
cluding diesel) 563.68 
Hydro stations 261.52 
1,280.2 
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(f) Transmission and Distribution 


Not connected to state grid 24.55 
(b) Electricity generated kWh x 10° 
Interconnected system 5,485.5 
Other S.E.C. stations 48.1 
(c) Maximum coincident demand on 
S.E.C. interconnected system (MW) 
(10th July, 1959) 1,219.75 
(d) Average kWh sold per head of 
population in Victoria 1,557 
(e) Sub-division of electricity supply % 
Domestic 39.5 
Industrial 38.0 
Traction 6.0 
Commercial 15.0 
Public lighting 5 


Route Miles 


220 kV 524.5 
132 kV 80.5 
66 kV 1,304.3 
22 kV 12,334.7 
127 &y¥* 3.451.5 
11 kV 35.6 
7.4 
6.6 
4.0 | kV 636.5 
Low Tension 10,473.0 
TOTAI 28.840.6 
o> 
* 27.7 kV corresponds to 7A and is the 
Ne 


voltage at which the comparatively 
new country system, based on “single 
wire earth return system”, operates. 


Appendix II 


The following points about Australian habits are 
summarized for interest: 


1. More electric appliances are used in the house- 


hold than is the case in India. However. bulk of 
the load is due to electric heaters. 


2. Hours of working are approximately : 


(a) Factory workers: 8 a.m. to 4.30 p.m. with 
half-hour for lunch at 12 noon, and tea 
breaks at 9.30 a.m. and 3 p.m. 


(b) Office Workers: 8.45 a.m. to 5.00 p.m. 
with one hour for lunch at 1.00 p.m. and 
tea breaks at 10.00 a.m. and 3.15 p.m. 
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3. Based on the abovementioned hours of work, 


certain dips in the daily load curve (Figure 1) 
can be readily explained, 


e.g., the 0815 hours peak is due to factories star- 
ting up, plus some traction (electric trains trams) 
taking office workers to work. 


The 0930-1015 hours dip is due to morning tea 
breaks, first that of factory workers, then the 
office workers. 


The big drop at 1200 hours is the factories shut- 
ting down for lunch, and so on. 


. Metropolitan public transport system starts 


functioning at 0500 hours’ and ceases at about 
0100 hours. A number of factory workers, living 
long distances away, start their daily chores as 
early as 0500 hours. 


. Most factories start shutting down for Christ- 


mas (the singularly important annual holidays) 
around mid-December and re-start about 10th 
January. 

Appendix Il 


Basic formula for standard deviation is 
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TABLE I 





0815 HOURS LOAD (}HOUR Max. DEMAND) IN MEGAWATTS - SPECIMEN TABLE FOR PART OF 1957 





Sept. 


833 
798 
750 


783 
799 
782 
779 
771 


925 
900 
897 
885 
818 


769 
790 
804 


859 


868 


16,602 
20 
830 


138,397 


wa 


5.4 





1. Dashes (—) indicate week-ends (Sat., Sun.) 


Asterisks (*) indicate public holidays. 


834 
806 
764 
757 
798 


792 
774 
767 
784 
747 


739 
776 
836 
795 
788 
r 


758 
761 
767 
751 


18,420 
23 
801 

148,327 


60.6 


‘ 
{ These are the figures which go into Column a of Table 2. 
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Nov. 


728 


738 


746 
784 
773 


762 
753 
761 
742 
720 


800 
797 
786 
761 
737 


755 


798 
781 
759 
726 


15,207 


20 


760 


115,743 


24.8 


Dec. 





744 
760 
760 
743 
742 


slackness 


and shutdown 


Christmas 


57,171 
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Column ‘a’—Figures from Table 1. 


TABLE II 
a b c d 
Average 12 months Centred Index I 
Working centred Moving ., 
Weekday total Average a? 
MW 
1956—Nov. 
Dec. 
9323 
1957—Jan. 685 779 87.9 
a 9381 
Feb. 715 783 91.3 
9415 
March 733 787 93.1 
9470 
April 764 791 96.6 
9518 
May 844 794 106.3 
9548 
June 855 798 107.1 
§ 9598 
j July 949 803 118.2 
£ 9665 
: Aug. 906 807 112.3 
9707 
Sept. 830 811 102.3 
9747 
Oct. 801 815 98.3 
k 9803 
k Nov. 760 818 92.9 
9824 
Dec. 756 824 91.7 
9956 
1958—Jan. 
Notes: 


Column ‘b’—Each figure is a total for 12 months taking six months on either side of it, e. g., 9381 is the total for the 
period August, 1956, to July, 1957. 
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Column ‘c’—779= 


Column ‘d’—Index I is obtained by dividing the figure in Column ‘a’ by that in Column ‘c’. 
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9323 4.9381 
( ) et 

















TABLE III 
WEEKDAY ENERGY IN KWHRS X 10* — SPECIMEN TABLE FOR PART OF 1957 ‘ 
Date Sept. Oct. Noy. Dec. 
1 _ 1,789 1,395 — P 
2 1,590 1,701 - 1,406 ‘ 
3 1,576 1,636 — 1,465 
4 1,529 1,510 1,410 1,448 
5 1,491 — * 1,422 
6 1,474 - 1,451 1,405 
7 - 1,546 1,507 ioe 
8 — 1,472 1,477 — 
9 1,469 1,471 =~ 1,387 
10 1,472 1,508 - 1,444 
11 1,440 1,576 1,434 1,427 
12 1,456 = 1,458 1,450 
13 1,410 = 1,426 1,426 
14 — 1,428 1,411 _— 
15 _ 1,448 1,379 _ 
16 1,711 1,486 os = 
17 1,667 1,478 : s} 
18 1,694 1,403 1,548 _ 
19 1,624 _ 1,571 ae 
20 1,525 = 1.484 ~~ 
21 ae 1,441 1,429 
22 — 1,525 1,387 
23 1,453 1,579 ia 
24 1,545 1,496 = 
25 1,530 1,475 1,459 
26 * — 1,534 
27 1,582 — 1,501 
28 = 1.451 1,434 
29 — 1,477 1,392 
30 1,694 1,477 = 
31 1,423 
a 30,932 34,796 29,087 14,280 
n 20 23 20 10 
x 1,545 1,512 1,454 1,428 
» x? < 10° 48,022 52,828 42,362 20,397 
S. D. o 93 92 56 24 
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Dry Bulb Mean Monthly 


Temp. °F. 


55 56 "7 58 
J 69.7 666 65.9 64.8 
F 69.5 72.6 67.8 67.9 
M 64.7 62.8 63.7 64.6 
A 59.7 60.5 60.1 59.7 


M 53.1 54.6 54.3 56.6 


a 50.0 50.0 56.7 49.7 
J 49.5 50.1 49.0 48.9 
A 52.7 49.6 50.6 51.4 
S ee | 13.8 53.7 52.6 
O 58.8 55.8 7.0 56.6 
N 9.2 58.2 61.1 63.1 
D 64.3 63.0 64.9 62.4 
D 


avcrage 


Ratio R a 
: 7 5 756 57 58 
J 1.00 1.03 1.00 1.00 
F 1.02 1.03 1.04 1.01 
M 1.05 1.05 1.05 1.04 
A 1.09 1.10 1.08 1.09 


M 1.19 1.20 1.18 L458 


J 125 1.27 41.17 1.24 
J 1.26 1.28 1.27 1.28 
A 1.22 1.28 1.21 1.23 
S 1.14 1.16 114 1.15 


O 1.10 1.14 1.12 1.104 
N 1.09 1.09 1.06 1.04 


D 1.07 1.04 1.04 1.045 


*59 


72.7 


0.98 


1.01 


1.03 


1.04 


1.035 
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TABLE IV 
B Cc 
Weekday Avg. Micegy - =~OS”*S*~CS*t*t:*‘“ Se ey 
kWh x 104 (from Fig. 7) kWh x 104 
955 6 57 is 58 °59 “165, 56 957 158 c 59 


1104 1217 1284 1397 1460 1104 1184 1287 1387 1493 
1131 1236 1342 1418 1518 1110 1197 1296 1399 1502 
1168 1256 1367 1462 1554 1116 1201 1300 1402 1511 
1224 1336 1405 1539 1620 1125 1209 1305 1412 1520 
1342 1461 1550 1642 1801 1132 1218 1316 1426 1527 
1425 1564 1559 1783 1952 1138 1227 1327 1437 1541 
1442 1590 1702 1859 1999 1148 1238 1338 1448 1550 
1407 1574 1636 = 1779 1909 115] 1247 1347 1451 1556 
1315 1446 «#1545 =1683 1833 97 1233 1351 1463 1570 
1274 1429 1512 = 1626 1760 1161 1256 1356 1473 1580 
1267 1371 1454 1543 1658 1166 1266 1369 1480 1591 


125] 1326 1428 1558 1655 1174 1276 1377 1491 1600 


E F G H J 

Long 

Term R Base ? 

Avg. From Energy Forecast Actual 

Mthly Fig. kWh x 104 Base x R 

‘Temp. 8 = ie —-— --——-— 
°F *59 60 61 759 60 61 "59 60 
67.6 1.012 1500 1606 1740 1520 = 1625 1460 ~=1606 
67.6 1.011 1504 1620 6 «1750S: 15271 1640 1518 ~=—-1664 
64.8 1.038 1511 1631 1756 1569 1691 1554 = 1691 
59.5 1.092 1521 1645-1771 1661 1800 1620 


54.3 ‘358 -. 2354 1651 1786 1771 1911 2062 1801 


50.4 1.235 1540 1661 1799 1900 = - 2050 1952 
49.1 1.285 1549 1674 1804 1989 = 2150 1999 
51.0 1225 F552 1688 1816 1900 =2063 1909 
54.3 1.158 1561 1699 1832 1809 1965 1833 
PS Ge Pe i a 1752 1892 1760 
61.3 1.072 1590 1713 1709 1840 1658 
65.0 1.035 1599 1730 1654 1785 1655 
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Aluminium from Canada _~ 


assists in Indias 

















power projects. 


The research laboratories of Aluminium Limited of 
Canada (ALCAN) are constantly at work to find 
new and better ways of solving the power trans- 
mission problems encountered in difficult terrains. 
Alcan’s advice is always available if a tailor-made 
scheme is required for a particular project. 

Alcan research is constantly bringing the advantages 
of the light metal, aluminium, to the world’s 
industries. 


Agents for ALCAN conductor in India : 
Associated Electrical Industries (India) Private Ltd. 
International General Electric Co. (India) Ltd. 
( Mysore State Only ) 
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ALCAN ASIA LIMITED e Canadian Aluminium for India’s Industry. @ 41 Chowringhee, Calcutta-16 


(An Aluminium Limited of Canada Company) 
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N. K. De Sirkar 
Commercial Engineer 
Damodar Valley Corporation 


Establishment of Super-Grids and 
Organisational Procedure for their Control 


UR COUNTRY IS AT PRESENT AT A LOW LEVEL OF 
O) indus development. Even then there is a 
shortage of power supply all over the country. Aec- 
far as we can foresee the shortage is going to be with 
us for a number of successive Five Year Plans. In the 
immediate future one of the main difficulties in the 
Third Five Year Plan will be the shortage of power 
supply for major industries. It will be very difficult 
to construct generating facilities fast enough to keep 
pace with the growing demand. However, new gene- 
rating units are not the only source of additional load 
carrying capacity. An amount of effective load carry- 
ing capacity can be made available by suitable 
interconnection, which will constitute a far larger 
addition to the power resources than is generally 
recognised. If intelligently planned and located, if 
carefully co-ordinated with existing facilities and if 
operated with full effectiveness, such interconnections 
will not only create substantially new load carrying 
capacity but they will do it quickly without serious 
inroads upon our meagre economic resources. They 
will make both existing and new capacity available 
in other wider areas. 

Our country is a large one and the resources of 
power generation and the other natural resources and 
facilities for industrial development are not necessa- 
rily located very near to each other in all cases. It 
will be always economical to generate power where 
the natural resources like hydro-electric potential or 
the coal mines occur than to generate them in small 
generating stations near the load centres. If large 
power stations are located far between and some 
distance away from the load centres the only right 
way of providing a uniform and stable supply will 
be to interconnect them in zonal grids. It is needless 
to repeat that by construction of zonal grids economy 
will be gained by the way of saving in fuel and saving 
in the provision of stand-by power. The regional grids 
should at a next stage be connected to adjoining re- 
gional grids across State frontiers or borders of the 
regional areas. These zonal grids and the interconnec- 
tions on the basis of the developments in the 


MAY 196] 


foreseeable future should operate at 220 kV 3 phase 

0 cycles A.C. The trans-continental national system 
interconnecting giant hydro stations in the Himalayas 
and the Western Ghats and on the mighty rivers on 
the Central Plain with the super-thermal stations in 
the coalficlds of Bihar, West Bengal and Central 
India and Lignite fields of the South India and also 
the. Nuclear Power Station in the Western India 
operating at a super high tension D.C. system is an 
ideal worth striving for. In the present context of 
development, however, such an idea may be stated 
to verge on the utopia and may be left out of con- 
sideration. 

The first step in this direction should be the 
organisation for construction of zonal power grids 
on which some thought has already been exercised 
by the competent authorities, like the Central Water 
and Power Commission. The small zonal grids are 
already in operation with limited extent. Mention 
may be made of the Madras System, Bhakra Nangal 
System and the D. V. C. Power System. These grid 
systems, however, grew out of the needs of the region 
and not so much as a result of conscious planning 
for integration into an interconnected grid all over 
the country. Once we fix the objective of having 
national grid, or it will be more correct to say an 
interconnected system of zonal grids, then the main 
task will be to foresee and set the pattern of grid so 
that each regional grid can grow into it in an organic 
sense. 

Zonal Grids 

Let us examine the benefit that will accrue if we 
establish zonal grids before we go further into the 
benefits that may accure on a higher stage of 
development of the national interconnected grids 
That it will result in economic saving by way of 
capital investment by establishment of large central 
Stations in preference to small local stations and by 
the way of fuel cost by higher efficiency of the 
largest staions will not disputed by anybody. The 
economic benefit as a result of pooling the standby 
power will require more careful scrutiny. 











To make the problem simpler let us take the ex- 
ample of a section of the Eastern Zone in order to 
assess approximately the benefits that might accrue 
to the Zone as a whole if zonal grid is established. 
The table-I given below may be seen. 


TABLE—I 


A STATEMENT SHOWING INSTALLED CAPACITY, FIRM CAPa- 


cITY AND STANDBY POWER OF MAJOR POWER SYSTEMS AND 
STATIONS IN West BENGAL, BIHAR, ORISSA AND D.V.C. 
(In mW) 
1965 - 1966 
WEST BENGAI LA. F.C. SP. 
(a) Utilities 
1. Calcutta Electric Supply 
Corporation 432.3 310.0 122.3 
2. Gouripur Electric Supply . 
Company 47.4 28.7 18.7 
3. Dishergarh Electric 
Supply Company 16.0 11.0 5.0 
4. Seebpur Electric 
Company 8.4 5.4 3.0 
(b) Industries 
1. Aluminium Factory 15.3 10.0 0 
2. Durgapur Steel Plant 15.0 10.0 5.0 
3. Indian Iron & Steel 
(Burnpur & Kulti) 72.35 37.0 35.35 
4. Durgapur Coke Oven 
Power House 180.0 120.0 60.0 
786.75 532.1 254.65 
ORISSA 
(a) Utilities 
|. Hirakud System 270.0 184.0 75.0 
2. Rajgangpur Steam 
Station 5.7 3.2 p Bi 
3. Chowdwar Steam Station 5.0 3.0 2.0 
4. Supply from Machkund 27.9 
(b) Industries 
1. Orient Paper Mills 10.75 6.25 4.5 
2. Hindusthan Steel Ltd 75.0 50.0 25.0 
366.45 274.35 109.0 
BIHAR 
(a) Utilities 
‘ 
1. Barauni 100.0 50.4 50.0 
2. Patna Electric Supply 11.7 4.9 6.8 
3. Sijua Electric Supply 14.0 9.0 5.0 
(b) Industries 
1. Jamadoba Colliery P/H 13.5 6.75 6.75 
2. Dalmianagar 22.0 16.0 6.0 
3. Tata Iron & Steel 120.5 54.0 66.5 
4. Indians Copper Cor- 
poration 8.0 4.0 4.0* 
5. Sindri Fertilizer 80.0 53.0 27.0 
369.7 197.65 172.05 


*Will close down ultimately 


DV .C. 
D.V.C. Power System 


729.0 534.0 


2251.9 


195.0 


730.7 


1538.1 


TOTAL: 

Only the States of Bihar, West Bengal and Orissa 
including the D.V.C. area have been taken into 
consideration. This incidentally represents industrial- 
ly most developed and at the same time most acutely 
power starved area in the country. All the Public 
Utilities and the industrial power stations in West 
Bengal and Bihar listed in the table except for 
Jamadoba Power House and the Barauni Power Sta- 
tion, which is yet to come into being, are in some 
way or other already connected to the D. V.C. Power 
System. It will be a practical proposition to inter- 
connect the power stations in Orissa into a Sub-Zonal 
Grid and connect that also to the D. V.C. System. 
In fact, a limited interconnction is already being 
effected for the purpose of power supply to the 
Railway Electrification Project. If all these inter- 
connecting links are made more stable and of higher 
capacity this can form the basis of a Zonal Grid in 
Bihar, Orissa and West Bengal. This could in future 
be extended and interconnected with Assam and 
Manipur. 

According to the study carried out by the Central 
Water & Power Commission as published in the 
“Forecast for Power Demand in India—-1955-56 to 
1970-71", from which the Table has been compiled 
taking into account only the major power stations, 
there will be 2252 mW of installed capacity in 1965- 
66 and the corresponding total of the firm capacities 
of the independent power stations and the systems 
will be 1538 mW. Aggregate of the system demands 
in these areas will be of the order of 2480 mW, 
which means that a shortage of about 900 mW, will 
occur in that region during the last year of the Third 
Plan. If all the power stations and the power systems 
listed above are interconnected in a grid and operated 
and maintained in a co-ordinated manner the avail- 
able firm capacity will be increased considerably 
and the shortage reduced correspondingly. Consider- 
ing that a thermal unit takes about two months for 
over-hauling and maintenance and a hydro generat- 
ing unit takes even less time the standby for over- 
haul and maintenance, not counting the spinning re- 
serve capacity which luxury we will not be able to 
afford for some time to come, should be somewhere 
about 1/6th of the installed capacity of about 250 
mW, whereas the present standby capacity provision 
is of the order of 730 mW. This means that if ade- 
quate interconnection and co-ordination in the ope- 
ration and maintenance are effected the available 
capacity could be increased by about 500 mW, which 
in terms of capital investment would mean a value of 
about Rs. 50/- crores and in the way of annual gross 
earnng about Rs. 10.80 crores. Similar benefits could 
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perhaps be shown if we considered any other zone. 

A more specific example of the benefit that can 
accrue through interconnecting two systems can be 
given. The West Bengal Government has installed a 
thermal generating station at Durgapur as an adjunct 
to their Coke Oven Plant consisting of two units of 
30 mW each. This station operating independently 
could provide a firm power of 30 mW only. As a 
result of interconnection with D.V.C. Power System 
and co-ordination of overhauling programme saleable 
capacity of this power station has been doubled. It 
will thus be seen that by establishment of the zonal 
grids the electrical and industrial development of the 
zone will be accelerated and the country as a whole 
will be benefitted economically. 


Interconnection between Zonal Grids 

There is no important interconnection between 
Zonal or State grids operating in our country. There- 
fore, assessment of benefits of interconnection is not 
possible. Interconnections between the DVC System 
and Rihand power system and between the DVC 
System and Hirakud System will be effected to 
serve the Railway Electrification Project. But the 
interconnection will be of a very limited nature and 
no large scale interchange of power is being contem- 
plated at present. However, interconnection between 
power systems has been practised for a long time in 
the U.S.A. and for the last eight years in an orga- 
nised way in Europe. Considerable knowledge and 
experience have been gathered which will be avail- 
able to us. The benefits have been carefully assessed 
which are reviewed below: 

(1) Saving in generating capacity: The load diver- 
Sity may arise from difference in shape of seasonal 
or daily load curves. This difference in turn arising 
from such causes as different proportion of urban 
and industrial loads, large proportion in one Zone 
of seasonal industries such as irrigation pumping or 
processing crops, etc., this type of load diversity, 
arising from differences in shape of load curves, may 
be called ‘Scheduled Diversity’. Load diversity also 
arises from condition that even during the heavy load 
season the peak loads on any system usually vary 
considerably from day to day and from week, to week. 
while similar peaks in a neighbouring system are 
unlikely to occur in the same days or weeks. In 
other words, casual deviations up and down from 
the average trend of daily peaks in one system are 
likely to offset rather than superpose upon similar 
casual deviations of other system of an interconnected 
load. This second type of load diversity, which may 
be called ‘Casual Diverseity’, is probably more impor- 
tant. A considerable saving is likely to be effected 
by sharing the peak-load of one system by the other. 

(2) Saving in generating capacity by reason of 
diversity in demands upon reserve facilities: It is 
unlikely that emergencies will occur simultaneously 
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in two or more systems and it is also possible to 
co-ordinate the maintenance and inspection sche- 
dule of different systems. As a result, it is possible 
to reduce the total reserve capacity available between 
large systems. This saving is likely to be very signi- 
ficant. 

(3) More effective use of surplus generating capa- 
city in One system can be available for unexpected 
load increase in any of the interconnected systems. 

(4) Economy interchange: Savings in production 
cost are possible whenever and for so long as one 
system might otherwise have relatively high-cost 
Capacity in use and in other system at the same time 
would have lower-cost units idle or partially loaded. 
In addition to direct savings irom economy inter- 
change, further savings result from greater steadi- 
ness of turbine and boiler loadings and from greater 
precision in scheduling loads upon units and stations. 

(5) Staggering and rotating in development of new 
Capacity in several systems: In some cases this obvi- 
ates temporary over-development and saves capacity, 
and in other cases it makes feasible the installation 
of larger and more economical generating units and 
Saving in capital investment and operating cost. 

(6) Opportunity for inter-system firm power sale. 

(7) Mutual protection against extraordinary break- 
downs, fuel shortages and other emergencies. 

(8) Improvement to service, in some cases, in out- 
lying portions of the systems between which inter- 
connection is made. 

(9) Where hydro generation. is involved, still fur- 
ther savings in capacity and in operating costs may 
accrue from diversity in stream-flow characteristics 
between different watersheds, from more effective 
use of water storage, from more complete utilisation 
of dump energy during flood season and, in particu- 
lar, from more complete development of low load- 
factor hydro installations for the carrying of high 
short peaks for a group of interconnected systems and 
for short duration emergency service. 


The Nature of Transactions in Interconnected 
Operation 

The nature of transactions in interconnected opera- 
tion will not be examined in detail in this paper. 
They will naturally cover the types of benefits enum- 
erated in the preceding paragraphs. Only it is inten- 
ded to emphasise here that in most types of inter- 
connected arrangement the realisation of expected 
benefit requires co-operation and co-operation can- 
not be imposed or compelled. It implies sincerity in 
devotion of the joint objective of the best overall 
result, willingness to accept a fair break where there 
is diversity of interest and confidence in similar in- 
tegrity and fairness of the other side. 

The interconnections with the co-operative projects 
involving independent zonal grids operating each 
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with its Own management and each with its separate 
responsibilities to the welfare of the area it serves, 
the service in one system may become partially 
dependent upon the condition in another and realis- 
ing all the responsibilities the benefits will depend 
upon the future effective co-operation between the 
independent organisation. Hence, the management 
of the respective zonal grids will face important issues 
in setting up the agreements which will establish their 
respective obligations and rights in such a co-opera- 
tive project. 

The contractual procedure established should be 
such as to make co-operation easy and to set up as 
few hurdles as possible: Basically except as firm capa- 
city transaction, if maximum aggregate benefits are 
to be attained, the benefit to each party individually 
should be derived primarily from the value to it of 
the services which it receives, not from the profit on 
the services which it supplies. This is very impor- 
tant. The free inter-system flow of services should 
not be checked by fixed rates and tolls, rigid terms 
of settlement, or arbitrary margin of profit to the 
sending party. Such features can be barriers in the 
way of transaction through which alone potential 
benefits are realisable. The relation between the 
partners in an interconnection is that of mutual assis- 
tance between procedures and not that of sale by 
producer to consumers of distributors. Such recipro- 
cal transaction between producers may often be on 
incremental basis. No proper inference can be drawn 
that similar terms would be suitable where such re- 
ciprocal situation does not exist. 

Ihe condition under which inter-change services 
ure supplied to some degree the nature of services 
themselves will vary from time to time during the 
period of long term interconnection agreement. 
Hence, provision of the agreement should 
objectives, procedures for accomplishing objectives 
and general principles of setthement and this should 
embody flexibility to meet the changing condition and 
to avoid rigid prescription of detailed arrangement 
at least in so far as practicable, consistent with rea- 
sonable protection to individual interests of the par- 
lies and consistent with the securing of legally valid 
enforceable contract. 


cover 


[he “operating committee” should be an impor- 
tant feature in this agreement. The “operating com- 
mittee” should be an authorised agent as to the ope- 
rating arrangement of the transaction covered by the 
agreement, and should also be authorised to arrange 
for individual transaction not covered by the specific 
terms in the agreement. The flexibility in the inter- 
connection arrangement involves sufficiently broad 
responsibilities for the “operating committee”, con- 
tractual provision under which adjustment for chang- 
ed condition may be made without adjusting the 
basic contract terms, all practical precaution against 
stalemate in effecting the needed adjustments, rela- 
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tively short effective terms initially for arrangement 
for certain terms of transaction as to which neither 
party is likely to be handicapped in working out sub- 
sequent arrangement, and in some cases, back-up pro- 
vision not normally applicable but which comes into 
effect in certain contingency until other arrangements 
are made. A way should be opened to carry out under 
the agreement rather than outside of it, advantageous 
special transaction not covered by specific arrange- 
ment in effect at that time. 


Experience of Other Countries 

The benefits that will be derived and the nature 
of transactions which are generally involved in inter- 
connection between the grid systems has been stated 
briefly in the preceding paragraphs. It will be of 
benefit to review the recent experience of more deve- 
loped countries on whose abundant stores we may 
gratefully draw upon. Interconnections have been 
practised for years in the United States and for some- 
time in the European continent. The interconnec- 
tions effected in the U.S.A. were largely between old 
established power supply undertakings of a very 
large magnitude. Although the European develop- 
ment is also considerably larger than ours, the mag- 
nitude and expanse bear a closer comparison than 
with the U.S.A. A study of the experience of the 
European practice may be of more immediate bene- 
fit to us. 


Economic co-operation of Europe’s Power Supply 
System through completely voluntary international 
co-operation is the object of the Union for the Co-or- 
dination of the production and transmission of 
electrical power (UCPTE). This organisation was 
founded in OEEC auspices in 1951. Eight countries 
take part in its operation—Austria, Belgium, the 
Federal Republic of Germany, France, Italy, Luxem- 
bourg, the Netherlands and Switzerland. It is very 
likely that United Kingdom will join as soon as the 
Cross Channel Cable Project comes to fruition. The 
administration of the Union is remarkably informal. 
The Presidents are chosen among full members for 
a two-year period and the State to which the Presi- 


dent belongs provides a Secretariat. The Union 
facilitates arrangement of power transfers across 


international frontiers as a means of balancing supply 
and demand between systems with different charac- 
teristics. For example, in 1953, an unusually dry 
weather resulted in serious difficulties of power in 
Bavaria during the following winter. Power transfers 
from Italy as well as Rhineland were arranged from 
November of that year to the following January and 
allowed the gap to be bridged without significant 
restriction. Again in the cold of February of 1956 
when Austria, Italy and Switzerland were faced with 
Serious supply position Germany was able to help 
balance supply and demands. The chart attached in 
Fig. | and table-2 will show the pattern of the ex- 
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Typical day and night pewer flow across national 


frontiers UCPTE system are shown here. Bars with- 
out arrows show that transmission lines cross the 
frontiers, but were not loaded at the particular 
times ta which the load flow diagrams refer. 


Fic. | 
change. It will be seen that in 1958 nearly 3 million 
kW were exchanged between different countries and 
50%, of the capacity for the international tie lines 
were utilised. 

The interconnected system is operating largely at 
220 kV. It will be of interest to note that the UCPTE 
has as a matter of policy avoided recommending 
erection of a transmission system superimposed on 
the existing systems of member countries. The feeling 
was that ironing out of differences in daily and seaso- 
nal curves would be better carried out by trans-fron- 
tier connecting lines at appropriate voltages. 

To facilitate its working the Union has_ two 
working groups in operation. One deals with thermal 
stations, arranging co-ordination of overhaul and 
repair as well as discussing operation problem of 
thermal stations. The other working party deals with 
transmission question giving particular attention to 
technical problems of interconnecting large systems. 
There is a further committee which discusses the si- 
tuation of the power industries in the eight countries 


MAY 196] 





— biel GERMANY Gtrmany — cermay 
Luxe tux ; 
|Bourd BOUR : 
LS paw! f | 








TABLE—2 
MAXIMUM LOADS EXCHANGED ON AT LEAST FOUR DAYS WITHIN 
A FORTNIGHTLY REPORTING PERIOD (IN mW) 
Countries involved 1955 1956 1957 1958 
1 2 3 4 5 

France-Belgium 95 85 85 90 
France-Luxembourg 10 10 10 10 
France-F.R. Germany 115 155 125 155 
France-Switzerland 290 335 270 370 
France-Italy 70 80 135 140 
Belgium- Netherlands 75 80 140 140 
F.R. Germany-Netherlands 165 210 220 185 
F.R. Germany-Belgium 85 140 160 190 
F.R. Germany-Switzerland 260 275 470 635 
F.R. Germany-Austria 660 745 720 830 
Italy-Switzerland 100 90 140 110 
Italy-Austria 20 100 0 90 

TOTAL 1,965 2,330 2.630 2,980 
Transmission capacity of 
international tie jines-total 
(mW) 3,901 4,367 5,122 5,922 
Utilisation 
coefficient (°.,) 50.5 53.5 51.5 50.3 


in the broadest way against future outlook. These 
committees have carried out various tests and formu- 
lated a number of recommendations for consideration 
of the members, which will be of interest if we desire 
to plan State and Regional Grids to be interconnected 
in future. Many of these suggestions if implemented 
now, or kept in view while planning the grids, the 
designs of the present may be amenable to changes 
for their adoption, considerable economy may be 
effected in interconnections in future. 

(1) Elimination of load limiters on hydro turbine 
with introduction of an auxiliary control system per- 
mitting the turbine governor to respond to frequency 
variation but restoring the turbine open to the 
programme value after a pre-set time. 

(2) Cutting-out the dash-pot on hydro turbine 
governor immediately after the generator has been 
switched on to the line. 

(3) Increase of the governor sensitivity, possibly 
by using electrical turbine governors. 

(4) Use of electrical regulators in steam stations 
permitting control of turbine and boiler so freeing 
control from delaying effect from admission pressure 
control and so increasing sensitivity. 

(5) Provision of controllers operating on the 
number of combined frequency-load control for in- 
dustrial power station feeding into power supply 
net-work so that this can contribute to frequency 
maintenance. 





Suggested Pattern of Development 


National or State Grids and Interconnected System 
of power grids have been developed with profit by 
other countries in the world. There seems to be no 
reason why zonal grids and subsequent interconnec- 
tion thereof will not be established in our country. 
This is no longer only a desirable development but 
an imperative and immediate necessity if we are to 
conserve our limited resources and derive most 
benefit from the investments in the form of material 
and labour. 


A look at the map, which is taken from the 
Power Atlas Figure 2 published by the Central 
Water and Power Commission, will indicate the 
nature of power development that is taking place in 
our country. It will be seen that local grids are al- 
ready in the process of development. It will also be 
noted that they are not following a definite pattern. 
It will be too risky to hazard a guess on the pattern 
of inter-zonal connections that will take place or that 
should take place in the future. It will require a more 
extensive co-ordinated study with the future demand 
and available resources. Some spade work has already 
been done in this direction by the Central Water and 
Power Commission. 


The benefits that will accrue to the country as a 
whole and to the zones by building interconnected 
zonal grids have been reviewed. We have also re- 
viewed the nature of business which is being carried 
on in other countries especially in Europe, which we 
feel will suit our pattern of national polity. It is for 
consideration what type of organisations will be 
necessary in our country to develop and control the 
zonal grids and for operation of the interconnected 


zonal grids. 


Electricity in our Constitution is a subject on the 
concurrent list. The Central Government in practice, 
only exercises legislative and regulative powers. 
Power supply in the Public Sector is either owned by 
Municipalities or the State Governments. Only 
notable exemption was in the case of Damodar 
Valley Corporation Power System in which a 
Central Law was enacted by the Parliament with 
consent of the two Legislatures for the purpose 
of unified development of a River Valley which spans 
the areas in two adjoining States of Bihar and West 
Bengal. Incidentally this River Valley with its ad- 
joining areas is also the seat of major industrial 
development in this country. It will not be wrong to 
say that this Corporation has rendered signal services 
to the industrial development in the area by develop- 
ing a power system beginning from nothing in 1948 
to a system comprising a generating capacity of 
nearly half a million kW. An important private 
sector exist in utility business but public power being 
our national policy the organisation of the grids will 
be simpler. We have another advantage over Europe 





in the matter of developing the power grids. In Europe 
the national grids had to respect the international 
boundaries. In our country given the goodwill, there 
will be no such barriers in planning grids across inter- 
State boundaries. The large established systems in the 
private sector utilities and industries can also be 
fitted into future power grids. 


It is possible for the power grids to follow different 
patterns; but it will be a great advantage if the choice 
is known and the pattern is set out in advance. 

(a) It can take the form of small power systems 
emanating from well developed industrial region 
gradually covering a State by spreading over the un- 
developed areas and being connected to each other: 
or 

(b) Each State can have its own State Grids under 
the control of State Electricity Board; or 

(c) There can be Zonal Grids consisting of more 
than one State; or 

(d) There can be parts of a national grid system 
managed and supervised by a Central Authority. 

If we consider the different patterns of development 
suggested above we will sez that the first one, i.e. 
a system spreading out from an industrial centre. 
is the pattern of development which is taking place 
today. This obviously is not satisfactory enough if 
the service is to be made available to the country at 
large and the industries be spread out evenly over 
wider areas. From the point of view of the State poli- 
tical interest the second pattern of the State Trades 
owned by the State Boards will perhaps be most 
acceptable. The most economic and effective develop- 
ment of a power grid should follow the distribution 
of natural resources and location of load centres. If 
a fetish is made of the political boundaries of the 
States the national interest will be harmed. The ex- 
clusive State Grids will not be the likely best solution 
technically or economically. If it be possible to plan 
a national grid under a central agency and manage 
it efficiently it should be the best pattern. But an all 
India Grid will be too difficult to plan, more difficult 
to execute and too unwieldy to operate. Politically 
perhaps it will be the least acceptable to many. The 
most economical and practical proposition will be 
establishment of Zonal Grids across State boundaries 
with mutual consent and co-operation of the State 
Governments and operating under Zonal authorities. 
The Zonal Grid should be so planned that they 
could be easily interconnected with each other at 
convenient points and operated and controlled in a 
co-ordinated manner. A further study of European 
and American practice and experience will be of 
benefit. 

These Zonal authorities may be incharge of genera- 
tion and bulk transmission only, the constitution of 
which we will discuss a little later. The activities of 
this Board will not be in conflict, but only supple- 
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mentary to the activities of the State Electricity 
Boards. Great Britain after years of experience 
have separated the authorities for generation and dis- 
tribution. The generation is in the hands of a Central 
Generating Board and distribution is undertaken by 
the area Boards. In our country also the generation 
and bulk transmission could be undertaken by Zonal 
Boards and the distribution may be carried out by 
the State Electricity Boards. A Central Generating 
Board may not be suitable to an extensive country 
like ours. The division of labour will be of great 
benefit to the electrical development of the country. 
It must be remembered that according to the present 
reckoning the power generating capacity will be 
doubled in every 10 years in the country as a whole 
and it will be doubled in every 5 years in some of 
the industrial areas like that served by the Damodar 
Valley Corporation. Distribution of this large amount 
of energy will be the real crux of the problem. Setting 
up large generating stations and a big transmission 
system is a relatively simple matter. Distributing this 
larg amount of energy over the far flung areas and 
distant towns and villages and reaching to the doors 
of the domestic consumers and small industries is 
a colossal task’ requiring tremendous efforts which 
should be enough to occupy the whole energy of a 
State Electricity Board. It should feel relieved if the 
additional burden of large scale generation and trans- 
mission is taken over by a Zonal authority. 


Development into a higher order of organisation 
always entails certain amount to sacrifice of sover- 
cignty of the constituents if such a development is to 
be a success and effective. The Zonal grids if consti- 
tuted should have a full right and obligation of sup- 
plying power in the area which will be included in 
its control. The State Board will have to forego its 
right in this sphere. The Zonal authority should not 
only have the power to generate and transmit the 
necessary amount of electrical power and supply it 
in bulk at high voltage to the State Electricity Boards 
and other large consumers or distributing authorities, 
but they must also have the full respons‘bility of sup- 
plying any amount of power which it is called upon 
to supply in any point in the area it serves. If the 
Zonal authority assumes this responsibility and it is 
enabled to fulfill it then the objections from different 
States which it will serve about the possible discrimi- 
nations in the rate of development will be largely 
allayed. The responsibility of distributing the power 
to small consumers—industrial and domestic—and 
also development and location of industries will rest 
with the State Governments, the State Electricity 
Boards, the Planning Commission and other compe- 
tent authorities. The Zonal power generation boards 
will have the responsibility of generation and making 
available to the State Electricity Boards and the in- 
dustries in the area any amount of power required 
by them whenever it is required and wherever it is 


required. There should be no modification of this 
responsibility. 


Constitution of Zonal Board 


The Zonal Board should be an autonomous autho- 
rity consisting of a number of members appointed by 
the President with the consent of the State Govern- 
ments, areas of which it will serve. The members so 
appointed should serve during the pleasure of the 
President, normally during their full service period. 
The members should be full-time workers devoting 
their full attention to the operation of the Board. The 
Board should have power to finance its own schemes 
and sale power at reasonable profit. The part of the 
capital required by the Board may be lent by the State 
Governments or the Central Government; but the 
Board will normally raise money in the open market 
and liquidate the load at its own discretion. Although 
the Board should be at liberty to sell power at a 
reasonable profit and use the profit at its own dis- 
cretion the profit thus derived should not ordinarily 
be allowed to be used for any other purpose than 
the extension to the power supply facilities.. 

When a Zonal Board is set up the State Electri- 
city Boards should delegate their function of genera- 
ting power to the Zonal Boards in the areas served 
by such Boards. 


Constitution of the Committee for 
Interconnected Zonal Grids 


It should be possible to manage the operation of 
the interconnection of the Zonal Grids by setting up 
a committee in the nature of the UCPTE operating 
in Europe. This organisation in our country may be 
closely associated with the Central Water and Power 
Commission, but should not be a part of it. The 
Committee may consist of one representative from 
each Zonal Board and each State Electricity Board 
and also one from the Central Water and Power 
Commission. One of the members will be elected 
Chairman for two years in rotation. The organisa- 
tion which contain the Chairman will provide the 
Secretariat. The details of business transactions bet- 
ween the different zonal authorities will be as_bet- 
ween the zonal authorities as independent com- 
mercial organisations. But they will follow the pat- 
tern set out by the Committee. 


Conclusion 


It has been shown that the establishment of Zonal 
Grids and interconnections between them will be 
very desirable and of economic benefit to the coun- 
try. 

The best pattern of development of power supply 
in this country will be to set up autonomous Zonal 
authorities vested with the power and full responsi- 


(Continued on page 30) 
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Ferranti Moving Coil Voltage Regulators embody a 


| unique electrical design which: HIGH VOLTAGE TESTING EQUIPMENT 
@) Dispenses with sliding or rolling contacts, slip rings, * 
switches, and flexible leads in the main circuit. LABORATORY EQUIPMENT 


© 


Provides infinitely smooth voltage control by the 
movement of an electrically isolated coil. 


© 


Permits robust mechanical construction, 


j (4) Avoids oil carbonisation due to the complete 

| - absence of all current breaking contacts, enabling 

} the regulator and its operating gear to be mounted 
together in the same tank. Consequently there is no 

' ° 

i need for separate oil tight compartments, each with 

f its own individual inspection covers and oil filtering 

i arrangements. 

§ 

i (3) Needs negligible maintenance. 

' — 

| (6) Gives freedom from radio interference. 


The above applications and many others 
are described in this new Brochure. Please 
i write for a copy. 
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As the Lion is “King of the Jungle” so the Priestman Lion III 
shovel is the unrivalled “King among the Excavators”. 

The Lion III incorporates every advanced feature known in 
modern excavator practice — air controlled throughout — fully 
pressure lubricated—totally enclosed gearing, to mention only a 
few. This is the World’s finest ?-1 yd excavator. 

You should see the performance figures ' 


These can be obtained from :~ 


TRACTORS (INDIA) WILLCOX (BUCKWELL- INDIA) LARSEN & TOUBRO $ 
LIMITED LIMITED LIMITED ra 

Post Box 323, Calcutta Post Box 289, New Delhi Post Box 278, Bombay — 
Post Box 66, Lucknow New Colony. Jaipur Post Box 5247, Madras - 
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New Dam will bring 


Prosperity to U. S. Desert 


LEN CANYON, A DEEP GORGE OF THE COLORADO 

River in northwest Arizona, is the site of the lar- 
gest construction project in the United States today. 
There, between sheer sandstone cliffs flanking the 
river, men and machines are building the nation’s 
second biggest dam for production of electric power 
and storage of water for irrigation. High above the 
dam, they have built a steel arch bridge that links the 
canyon area with the nation’s highway system. These 
structures are reshaping the face and future of a 
potentially valuable region of western U.S., often 
described as America’s Last Frontier. 

Glen Canyon Dam is the major structure in a pro- 
gram designed to benefit the Upper Colorado River 
Basin, a 4,000,000-acre Rocky Mountain plateau 
encompassing portions of the states of Wyoming, 
Utah, Colorado and New Mexico. The area is rich 
in mineral resources, has soil adequate for crops, but 
is low in rainfall, water-sforage facilities and electric 
power. Its rivers and streams, flowing through deep 
rocky courses, feed melting Rocky Mountain snows 
into the Colorado River. The construction program 
in the Basin, which will include the large dam in Glen 
Canyon, four smaller dams on tributary rivers and 
11 irrigation units, will store the water run-off and 
produce power for distribution throughout the entire 
plateau. 

The four dams, small power plants and many 
irrigation units north of Glen Canyon are of conven- 
tional design and were simple to build, but the project 
in the canyon presented difficult engineering and 
construction problems. Glen Canyon is like the stem 
of a gigantic funnel through which water from the 
upper basin flows at the rate of 380,000 feet per 
second during spring run-off. From rim to rim, the 
gorge is 1200 feet wide, but without a bridge, the 
distance by road totals 225 miles. The river is boun- 
ded by sheer impassable rock walls 700 feet high. 
Engineers faced the fact that the only access to the 
canyon floor is from the air. To build a dam and 
power plant, everything would have to be lowered 
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into the canyon—thousands of workmen, 50 tons 
of machinery and all construction materials, including 
35,000 tons of steel and five million cubic feet of 
concrete. 

Transportation in, out and across the gorge was 
solved by building a complex two-track cableway 
suspended between rail-mounted towers atop the 
sandstone cliffs and a temporary suspension bridge 
between the canyon rims. Now, the steel arch bridge 
is completed, enabling vehicular and pedestraian tra- 
flic to flow rapidly across the gorge. Several new 
cableway systems have been constructed to hasten 
delivery of materials into the canyon, particularly 
concrete. 

Today, concrete is being poured from overhead to 
build the huge dam, which will be 1500 feet wide and 
will reach almost to the top of the canyon walls. In 
design, the dam is a gravity-arch structure that will 
utilize both its weight and design for strength. It will 
vary in thickness from 300 feet at the base to 35 feet 
et the crest. To distribute stress, the structure is 
made of columns or blocks with radial and circum- 
ferential contraction joints. The pre-cooled concrete, 
delivered by cableway, is being further cooled by 
refrigerated air flowing through 950 miles of pipes 
embedded in the dam. When completed, the structure 
will be only 26 feet lower than Hoover Dam, the 
nation’s largest, which is 370 miles downstream on 
the Colorado River. 

Concrete footings already have been poured for 
the Glen Canyon power piant, which will be located 
about 470 feet downstream from the axis of the dam. 
It will be 665 feet long, 113 feet wide and 150 feet 
high. Its initial electrical output will be 900,000 
kilowatts, but provision has been made for ultimate 
installation of eight 112,500-kilowatt generating units. 
The capacity of each turbine is 155,500-horsepower 
and the rated head is 450 feet. Water will be conveyed 
to cach generating unit through a 15-foot steel pens- 
tock embedded in the dam. Two spillways above the 
dam will carry off flood waters, and four outlets 


19 








below the dam will release water downstream when 
the power plant is not operating. 

The water-storage reservoir that will be formed by 
Glen Canyon Dam will cover an area of 256 square 
miles. The capacity of the lake, which will be one of 
the largest ever made by man, will be the total 
average flow of the Colorado River for two years. 
The reservoir will be a recreation area and preserve 
for fish and wildlife, from which water will be 
released as needed for irrigation in the Upper Colo- 
rado River Basin and for operation of the Glen 
Canyon power plant. 


When completed, the Glen Canyon project will re- 
claim a large, valuable area. A total of 132,360 acres 
of land for farms will be irrigated, and 234.000 acres 
already under cultivation will receive supplemental 
water. The result will be greater agricultural produc- 
tion, mainly of specialty crops, row crops and food 
products not in surplus. Access to power and water 


also will stimulate the development of the Basin’s 
gas and more than 


natural resources. Oil, natural 
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200 different minerals are present in the area, in- 
cluding uranium, copper, lead, zinc, phosphates, gold, 
silver, gilsonite, gypsum, tungsten, molybdenum and 
vanadium. 

The Glen Canyon project, to be completed in 1964, 
will unlock this “treasure chest” of natural resources, 
enabling the Upper Colorado River Basin to look 
forward to a prosperous future. New towns and in- 
dustries will be established as many thousands of 
people are drawn to the area by employment oppor- 
tunities, 

The increased population will create a new market 
for commodities and manufactured goods produced 
in other parts of the country. The new Glen Canyon 
bridge, which is linked to highways leading to all 
States of the union, will permit marketing of the river 
basin’s agricultural and industrial output and a flow 
of materials into the area. Eventually, the Glen 
Canyon project, which is being financed by the 
United States Government, will pay for itself and will 
benefit greatly the four states that it will serve. 


ATLAS COPCO 
AIR COMPRESSOR 


Atlas Copco AR type compressors give more 
air to the horse power than any other 
machine, and reduce fuel consumption to the 
minimum. Extremely rugged in construc- 
tion, these heavy duty stationary air com- 
pressors are easily adapted to variations in 
air demand. 









OTHER FEATURES: 
* Low speed 

*® Low lubricating oil consumption 
for 


without the slightest loss of efficiency 


* Continuous service even three shifts 
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GLEN CANYON 


In Glen Canyon, a deep gorge of the Colorado River in north- 
west Arizona, the United States Government is building the 
nation’s second largest dam for production of electric power and 
storage of water for irrigation. The dam is the major structure in a 
reclamation program designed to benefit the entire Upper Colorado 
River Basin, a 4,000,000-acre desert plateau in the states of Wyom- 
ing, Utah, Colorado and New Mexico. The area is rich in minerals 
and suitable for farming. A 256-square-mile lake formed by the 
dam will irrigate thousands of acres, the power plant will supply 
900,000 kilowatts of power, and a new bridge across Glen Canyon 
will connect with transcontinental highways. 





An artist’s view of the project after 
completion. 





“Box” of workmen being trans- 
ported into the 700 ft deep gorge 
by aerial cableway. Everything 
necessary for construction is lower- 
ed in this manner into the canyon. 





Reviewers use a transit an a walkie-talkie to plot 
the area. 





World's highest steel arch span. Damsite 


Last steel segment being placed in the Glen Two high-scalers are drilling holes in one 
at its early stage. : : 


Canyon Bridge wall to remove weather and insecure rock 
: and place anchor rods. 











High-scalers prepare an area for 
foundations or skewbacks 


secure the steel arch bridge. 








The concrete lining to the 





Men pushing a big gantry 
over rails into one of the 
spillways. The curving spill- 
way is 10,000 ft long and 
more than 40 ft in diameter. 


Dam spillway. 


dynamite blast deep in 
Canyon. Material excavated 
foundation 2,500,000 


cu. yds. 


Shovels, trucks and men 
lowered by cable into the 
Canyon are moving rock. 











are seen building structure to collect waste 
materials as they float down the river. 
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BRNO 1961 FOK UNUSUAL SIGHTSEEING YOUR WAY 
BRINGS YOU TO BRNO INTERNATIONAL 
TRADE FAIR BRNO CZECHOSLOVAKIA 
10th — 24th September, 1961 


Lookj out for machine exponates from more 
than 30 countries 


Keep attention to the novelties and best pro- 
ducts of modern technic 


Know more of the best the machine pro- 
duction is offering nowadays 





Sign up new business contracts and 
find new business relations 
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MOTOR GRADERS 
BY 
AVELING BARFORD LTD. _. 


AVELING BARFORD LTD. MANUFACTURE ONE 
OF THE MOST COMPREHENSIVE RANGES 
OF 


ROAD GRADERS 


AVAILABLE 


WHICH COMPRISES THE FOLLOWING TYPES 


“RM” — ROAD MAINTENANCE GRADER 

“LG”’— 72 B.H.P. TANDEM DRIVE GRADER 

“MG”’—100 B.H.P. FOUR WHEEL DRIVE & FOUR WHEEL STEER 
“MG’—100 B.H.P. SIX WHEEL DRIVE & SIX WHEEL STEER 
“99H'"—II5 B.H.P. FOUR WHEEL DRIVE & FOUR WHEEL STEER 





We shall be pleased to send you details on request 
Agents: 


taaninioen JESSORCLe 


AVELING BARFORD LTD. =_ ENGINEERS _ 
GRANTHAM, ENGLAND. 63, NETAJI SUBHAS ROAD, CALCUTTA-! 

















Pw; -ea' Boiler Feed Water Treatment Plants | 
Ft hight pressure boils ; S 


@ PRESSURE FILTERS 
@ ION EXCHANGE SOFTENERS 
@ DEMINERALISERS 


@ THERMAL DEGASERS 
ETC. ETC. 








Consult on all Boiler Feed 
Water Problems: 


J (BOMBAY) PVT. LTD. 
43, Forbes Street, Bombay I. 

Branch at: “K"’ Block, Chawdhary Bidg., Connaught Circus, New Delht. Par eae 
Associated Offices at: Calcutta * Madras * Bangalore © Hyderabad, seamen 
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Trends in Hydraulic and 
Structural Design of Aprons of 
Barrages on Permeable Soil-Foundations 


YDRAULIC STRUCTURES LIKE BARRAGES, WEIRS, 
Fi ioc and low-head hydro-power stations are 
most often built on previous alluvial soil founda- 
tions. Even though the subject of this paper applies 
equally to the design of various hydraulic structures 
on permeable soil-foundations, attention is confined 
only to the problem of design of barrages on per- 
meable soil foundations. 

The fixed part of the barrage can be divided into 
(i) Super-structure, and (ii) the sub-structure. The 
super-structure comprises of the piers, abutments, 
arches, etc. The sub-structure consists of a con- 
tinuous masonry or concrete apron which extends 
beneath the structure and cut-offs or sheet-piles 
placed under the apron in order to render it more 
effective. In many an instance, it is the sub-structure 
that is complicated to design and construct. 

The design of a hydraulic structure consists of two 
phases. 

(a) the Hydraulic design, and 

(b) the Structural design. 

The former deals with the evaluation of the 
hydraulic torces acting on the structure and the 
determination of the configuration of the structure 
for the best economy and functional efficiency. The 
structural design consists of dimensioning the various 
parts of the structure to enable it to resist safely all 
the forces acting on it. As these two aspects of the 
design of the barrage as a whole cannot be treated in 
this short paper, and as most of the modern deve- 
lopments in the design of the barrage. concern to its 
sub-structure only, (its super-structure can be de- 
signed by the accepted norms of Structural analysis 
and Design) consideration is given in this paper only 
to the hydraulic and structural analysis of the apron 
of a barrage on previous soil-foundation. 


HYDRAULIC DESIGN 


The problems involved in the hydraulic design of 
the barrage on permeable foundation can be ex- 
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plained under the following classification. 
(i) Sub-soil Flow, and 
(ii) the surface-flow. 
The effect of the sub-soil flow is to be considered in 
two aspects. 
(a) the residual pressure of the percolating water 
acting on the bottom of the apron. 
(b) the exit-gradient and hence the stability of the 
structure against under-mining. 


The problems arising owing to surface flow are 
(i) the determination of the optimum waterway and 
afflux, (ii) the stabilisation of the position of the 
hydraulic jump, (iii) evaluation of the effect of tail- 
erosion on the safety coefficient against piping. 

Modern trends to solve some of the above two 
problems .are reviewed below after indicating the 
earlier methods to solve the same. 


VARIOUS SOLUTIONS TO THE PROBLEMS OF 
PERCOLATION OF WATER THROUGH 
SUB-SOILS OF HYDRAULIC STRUCTURES 

(1) Creep-Line Theory : 

Bligh, who is considered to be one of the pioneers 
in developing irrigation from the stage of art into a 
branch of Engineering, was of the opinion that the 
resistance to the motion of the percolating water in 
somewhat less along the line of contact of the pro- 
file of the sub-structure and the sub-soil or along the 
line of creep, as termed by him. According to Bligh, 
the hydraulic gradient is constant along the line of 
creep. In this method, the residual uplift pressure- 
head at any point along the line of creep is the pro- 
duce of the ratio of the creep-length to the point 
measured from the down-stream end to the total 
creep length and the total seepage pressure-head. 

Thus referring to Fig. |, the residual uplift head at 
point G. 

' (L K+KH+HG | 
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Bligh believed that the apron is safe against under- 


mining and piping, if the ratio C is not less 


than a certain value, e.g. for Indian-soils C=12 to 
15. 


Generally, the origin of piping may be traced to 
two alternative causes. 
(1) Direct percolation through the granular founda- 
tion material. 


(2) Percolation along the line of creep. 


Bligh neglected entirely the failure due to direct 
percolation through soil. Besides that, no discrimina- 
tion was made by him between vertical .and hori- 
zontal creeps in assessing their effectiveness against 
undermining or piping. 

Lane approached the problem by making a statis- 
tical examination of the existing structures taking 
into account the results of ‘The potential theory of 
seepage flow. He evolved ‘the weighted-creep 
theory’ which in effect may be called “Bligh’s Creep 
theory corrected for vertical contacts”. 

According to Lane’s ‘Weighted Creep theory’ the 
weighted creep-length (Ly) is given as, 

L, ~4{N+V. 
Where, 


N is the sum of all the horizontal contacts and all 
the sloping contacts less than 45 


V is the sum of all the vertical contacts plus the 
sloping contacts >45 


To ensure safety against piping (Ly) must not be 
iess than “C:H” where H is total seepage pressure- 
head, i.e. the difference of water levels on the up- 
stream, and the down stream, while, ‘C’ is an empiri- 
cal coefficient depending on the nature of the soil in 
the foundation as shown in the following table. 
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Very fine sand or silt 8.5 18 
Fine sand 7.0 15 
Coarse sand 5.0 12 
Gravel and sand 3.5. to 3 9 


Boulders, gravel 
and sand 


Clayey soils 


2 te 3 4 to 6 
0 to 1.6 4 to 6 


wiv 


According to Lane, the residual uplift pressure at 
any point along the line of creep can be computed, 
by applying the relative weight age of 3 to | for 
vertical and horizontal contacts respectively. 

Thus referring to Fig (1), the residual uplift head 
at the point G is, 

}GH+ (LK +KH) ) 
~h» |) (DE+GH)+(BC CD 
| EF +FG+HK + KL) J 

While Lane’s weighted creep theory is an im- 
provement over Bligh’s creep theory, it too suffers, 
like Bligh’s theory, the limitations of an empirical 
method. At best, it can be used as an alternative 
method in testing designs to serve as a basis of com- 
parison. 


(2) Potential Flow Theory : 
(a) Mechanics of Seepage Flow : 

It was Darcy, a French hydraulic engineer, whe 
first studied experimentally the mechanics of seep- 
age flow through saturated homogeneous pervious 
soils and discovered a law which states that the velo- 
city of flow through porous media is proportional to 
the first power of the hydraulic gradient. 

Writing symbolically, 
V=Ki 

Where ‘K’ is the transmission constant. Its value 
depends not only upon the permeability of the soil 
but also on the significant properties of the fluid 
flowing through the soil. As in most seepage prob- 
lems, the kinetic energy is negligible even though 
variable, the energy gradient may be replaced by the 
gradient of the piezometric head (P/w + Y). Since the 
velocity in the laminar flow is also proportional to 
the first power of the energy gradient, it can be in- 
ferred that the flow must be laminar for Darcy’s law 
to hold. This formula does not apply very accurately 
to percolation through very coarse grained soils. 
The analysis that follows is based on Darcy’s law. 
(b) Seepage Flow as Potential Flow : 

According to Darcy’s Law, 

d(P/w=Y) K dd 


a nn bee (1) 
dg ds 


JOURNAL OF POWER & RIVER VALLEY DEVELOPMENT 





— 




















= 
gs : i 1 
s ' '‘ ° 
W, -ciniates ae ———! siiiiadall ais . 
ie Gg: 4 | aes Ss -- ter 
vsook Me H~ = 4- se a - 2 





Fic. 2 


Where ¢ =(P/w+/Y), dg is the distance along the 
average direction of flow. (Vide fig. 2). 
In terms of the three components of velocity, 
V; (Vx, Vy, Vz) 





Vx=-K °¢ 
8 x .. (2) 
C ‘ ‘ 
Vy=-K = { the negative sign indicates that 
$ the hydraulic potential reduces 
and V; K d¢ , " ‘ 
ang vz" "Xs, | in the direction of flow. 





If the flow is steady and the fluid is incompressible, 
from the law of conservation of matter, the net flow 
into and out of any elementary volume of space is 
zero. 

This may be expressed by the equation of con- 
tinuity as, 

5Vx  8Vz 

5 x 6z 
Substitution of equations (2) in the continuity equa- 
tion (3), shows that ‘dé’ must satisfy the Laplace equa- 
tion, 


dV y 
dy 


7 


od 
Ps 
Hence the sub-soil flow is governed by Laplace equa- 
tion and hence it conforms to the Potential Flow. 
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_ &¢d 0 
5 y? 
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(c) Sub-Soil Flow under the apron of a barrage : 

As the variation of tne seepage velocity - compo- 
nent along the length of the barrage (along Z-axis) 
across a wide river is negligible, the sub-soil flow can 
be considered to be two-dimensional. All tne im- 
portant characteristics of sub-soil flow are observable 
in one plane and can be translated to the flow in any 
section, under similar conditions. Hence equation (4) 
reduces to, 

6" d | 82 
o x" 5 y? 

The form of seepage flow (Potential Flow) can be 
determined by integration of the differential equation 
of Laplace for the given boundary conditions; Condi- 
tioning the Problem. 


Bano ys) pete (5) 
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(d) Boundary conditions :— 

The following boundary conditions of the per- 
meable field shown in Fig 1 are as follows :— 
(a) Between A and B, the potential function ¢ (x, y) 
is constant and equal to (h) when the down stream 
river bed-level si taken as the datum. 
(b) Between L and M, the function ¢ (x,y) remains 
constant and it equal to zero. 
(c) The component of velocity perpendicular to the 
impermeable boundary (B C DE F G H K L) and 
P Q must be zero. If n is in the direction perpendi- 
cular to the impermeable boundary, i. * 0, at the 
boundary. 

The problem is to find the unknown function, 
#(x, y) satisfying simultaneously, 
(a) The boundary conditions, as stated above, and 
§2 52 
o d t) d io 


(b) Laplace equation, ie. , 
place equation, ie +. sy? 


(e) Application of the theory of complex variables 
for seepage-flow beneath a flat apron. 

It can be shown that any function of a complex 
variable f(z)=f (x +iy) which is defined throughout 
a region and has a derivative throughout a region is 
a possible case of the fluid-flow and is a solution to 
the two dimensional Laplace’s equation. 


Let us consider the following complex function, 


z= cosh ™ |... (6) 
2 
where z=x+iy and 
W=y7+i4, 


the symbols ¢andy¥stand for the potential and stream 
functions respectively. Placing the expressions for z 
and W in the above equation, 


>. cosh a’ + ig¢) 
b 7 7 ; 
5 cosh HY cos H? $+ = 


am 2 


et ee 
i sinh H ys sin H d 


Equating the real and imaginary parts, we get, 


b 7 7 

x ) cosh H p COS d (7) 
Y 7 <_e 

js sinh H sing (8) 


from the above equations (7 & 8) we obtain, 








x? y? 
b 7 a 7 3 
( > cosh H ob ) (; sinh H ) 
cos? H? sin? H?> 1 (9) 
and 
x? 7 y’ 
b 7 2 _ 2 
(, 05 y#) (stn?) 
= cosh? . ys — sinh? - t= | (10) 


By letting y =const. we obtain a set of confocal ellip- 
ses given by 


x? y” 


° sh — 4). (> sinh 7 ) 
cos TH] 

(2 H \2 H 

By letting 4 —const, we obtain a_ set of confocal 

hyperbolae given by, 


x? y” 


- 2=1 
. cos 2 db j ( ° sin 7 db ) 
2 H*/ 2 H 
Now if A B in fig. (3) represents the flat apron of a 
hydraulic structure over which there is a difference 
of head (H feet), the lines y% =const. will conveniently 
represent the lines of flow due to seepage. The lines 
¢@ =const, represent the lines of constant hydraulic 
potential. That this is a correct solution follows from 
the fact that % and ¢ being real and imaginary parts 
of 
H 2z 
W cosh"! 
7 b 
will satisfy two-dimensional Laplace equation. 
Further, the river bed Ax’ is a line of constant 
potential 6 =H and Bx’ is a line of constant poten- 
tial d =0. 


To find the uplift pressures beneath the apron, we 
must consider the first steamline which hugs the out- 
line of the solid-apron. As the discharge between 
this and the solid apron is zero, the stream function 
ys 1S Zero. 


Substituting this value in equation (7) 


: b T 7 
.e. % cosh ys COS H o we have 


2 H 
b 7 
X 4 COs H db (11) 


*, we obtain, 


a 


oe 

7) cos"! 12) 
7 b 

From the above result, we get 


@ =H at x b/2 


and d= 0 at x b/2 





This shows that the derived expression for the poten- 
tial, satisfies the boundary conditions of the problem. 
The uplift-pressure at any point beneath the 
apron is proportional to ¢. When the effective seep- 
ase head is H, with the downstream river bed level 
taken as the datum, the uplift-pressure heads along 
the base of the apron are given by the following 
equation. 
H 2x 
P=¢= cos" (12) 
7 b 
By substituting different values for x in the above 
equation, we get, the corresponding values of uplift 
pressure heads. 

The uplift pressure gradient curve derived from 
the potential flow theory deviates markedly from the 
uplift pressure gradient line as per ‘the creep line 
theory’ of Bligh. 


(f) Rational criterion for safety against piping: 

Terzaghi was the first to point out that the failure 
by piping does not take place as conceived by Bligh, 
when the average pressure gradient along the creep- 
line exceeds a particular value. He proved experi- 
mentally that failure by piping occurs only when the 
pressure gradient at exit is in excess of “the floata- 
tion gradient or critical gradient”. 

Consider the equilibrium of an element of material 
“a b” along one of the streamlines (see Fig 3). 

Let ‘da’ be the cross-sectional area of cylinder ab 
and ‘ds be its length. 
Force at Face a=Pdag=wh d, 
Force at Face b=(P+d p) dg =W (h+dh) da 
The resultant seepage force acting on the cylinder 
along the streamline is 

y » ; 
Whd, —W (h+dh) da 


-~Wdh.da 
..per unit volume of the _- - W dh. da 
cylinder OR F , da. d x 
dh 
. W 
or F de 


Besides this force, the element ‘ab’ is subjected to 
its sub-merged weight. 

If p= sp. gravity of sand particles, 

e porosity of the material, then, 
submerged weight of the element A B 
W(1-e) (p'-1) dy-ds 
which per unit volume gives, 
Ws = W (l-e) (p-1) 

At the exit end (E), the seepage Force (F) is verti- 
cally upwards. The resultant of F and Ws should 
be either zero or downwards for the equilibrium of 
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the sand particles at the exit. It is the equilibrium 
at the exit that should be considered as the sand at 
the exit of the river bed should move to cause sand 
at greater depths to move. 


Hence for limiting equilibrium, the submerged 
weight of the soil should just balance the seepage 
force 


F = Ws 
dh 
-~W W (1-e) (p-1) 
Gd. 
dh 
( ) = (l-e) “p-l) (13) 
ds 


At this stage, the slightest increase in the value of 
F will cause the soil-particles to be lifted up and ulti- 
mately undermine the structure. The Pressure gradi- 
ent at which this occurs, has been aptly called by 
Terzaghi as “the floatation gradient”. 


Floatation gradient (l-e) (p-1) 


(1-0.4) (2.65-1) 
0.6 x 1.65=0.99 
Unity (if e=0.4 and p =2.65) 
(app). 
Therefore the exit gradient should not exceed unity 
to prevent piping phenomenon to occur. Actually a 


factor of safety of 4 to 7 was recommended by 
Khosla. 


In the Problem of Fig. (3), the exit gradient 
> 


dk 
4 can be determined from equation (6) 
x 


dP 2H 
dx bz 


Hence at B, where x b/2, 


dP 
dx 


The exit gradient at B being © undermining is bound 
to start at the toe of the flat apron. This result repu- 
diates the contention of Bligh that piping will not 
occur at the toe of the structure, provided provision 
for sufficient creep length is made. The significance 
of this rational analysis is to make us understand the 
necessity of providing a down-stream cut-off below 
the flat apron to keep the value of the exit gradient 
much below the floatation gradient. 
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(g) Analytical solutions applied to composite pro- 
files of weirs and barrages : 


The following are the elementary profiles for 
which complete mathematical solutions are available. 


(a) A horizontal apron with no piles and no depres- 
sion. 


(b) A horizontal apron with a pile line anywhere 
along it, but no depression. 


(c) A horizontal apron with a depression in the sub- 
soil but no pile line. 


(d) A horizontal apron with equal pile lines at either 
end but no depression of the former. 


(h) Khosla’s Method of Independent Variables : 

The usual barrage and weir sections rarely con- 
form to any one single elementary form. To apply 
the analytical solutions for the above elementary 
profiles to any practical composite profile of a bar- 
rage Or a weir, Khosla evolved the method of inde- 
pendent variables. In this method, a composite bar- 
rage or weir-section is split up into its elementary 
standard forms. Each elementary form is then trea- 
ted as independent of the others. The pressures at 
the junction points of the apron and the pile line of 
that particular elementary form, the bottom point 
of that pile line are obtained from the analytical solu- 
tions available. The readings at junction points are 
then corrected for, 


(a) the mutual interference of piles, 
(b) the apron-thickness, and 
(c) the slope of the floor. 


In Khosla’s method, the floor and the down-stream 
pile line should be taken as*the elementary profile 
for the computation of the exit gradients. For this 
case, the analytical solution is available. 


1 
Exit gradient 
olaces nd VI 
l V¥ 1+ 
A= 
b 
ia where b — total floor length 
d — Depth of Down stream 
piling. 
H — Head. 


The results obtained by Khosla’s Method of indepen- 
dent variables are found to be fully satisfactory. 


To be continued 
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P. K. Menon 


Problem of Power Development 


OWER DEVELOPMENT IN INDIA IS A CONCURRENT 
P responsibility. States generally initiate all the 
preliminary investigations and project planning. But 
it is the Centre with its control over finances and 
foreign exchange that has the last word. Even in mat- 
ters technical Centre exercises its scrutinizing autho- 
rity. The total capacity that all the States together may 
install in any given 5-Year Plan period is again deci- 
ded by the Centre. Thus it is the Centre which 
decides how much, when and where the power faci- 
lities are to be developed and it is the Centre again 
which provides the funds. But it is the States 
or their Electricity Boards which plan, execute and 
own these facilities. The sole exception is the DVC. 


This mix-up or overlapping of responsibilities is 
at the root of our power development problems. A 
project, which should normally take about 4 years 
from the planning to commissioning stage, nowadays 
takes almost double that time. Procedural delays 
almost alone accounts for this excess of time. This 
delay and the resulting financial and other losses can 
only be eliminated through assumption of total and 
unshared responsibility for power generation and 
transmission by one authority for the whole country. 
That authority can only be the Centre. 


Power development is but a forerunner of econo- 
mic development: industrial, agricultural, transport, 
etc. But power development under present conditions 
takes about 8 years from project investigation to 
power delivery. Under our Plans we double the in- 
vestment for economic development every five years. 
In the same period we also provide for doubling the 
installed capacity for power generation. But where 
we go wrong is in the timing of these investments. 
We plan to develop in the Third Plan period power 
facilities required for the Third Plan economic deve- 
lopment, whereas, on consideration of priorities, 
these power facilities should have been developed 
during the Second Five-Year Plan period. So, the 
lack of correct appreciation of priorities in economic 
planning has been one of the major causes of our 
present and recurring power shortages. 

The power problem in the Eastern Zone is unique 
only in that there is a scapegoat in the DVC for all 
drawbacks or short-sightedness of the Centre and 
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the States. With all other States the blame for shed- 
ding of loads at particular periods is directly shared 
between the Centre and the States. It may be lack 
of foreign exchange, shortage of technical personnel, 
lack of proper sites or power resources, and, some- 
where, it is the unenviable quarrel between States 
regarding appropriating resources. Whatever the 
cause or causes be for the want of power where it is 
needed most, one thing is quite clear: we are in a 
great mess organisationally and in much greater con- 
fusion over priorities in planning and developing 
power resources. 


The Centre does the overall planning of economic 
development of the country. It could easily estimate 
its resources for such development at least five years 
ahead. It could, therefore, also foresee the power 
requirements during this period: how much, when 
and where. It has under it the best technical organi- 
sation in the country for undertaking investigation. 
planning, execution and operation of power facili- 
ties: CW & PC. It has the funds. It may, if need 
be, allow the CW & PC to set up zonal authorities 
to execute these functions. Perhaps in that case DVC 
may be expanded to cover the Eastern Zone. The 
State Electricity Boards in such an_ organisational 
set-up should function only as power distributing and 
load development agencies. They may undertake 
Other activities related to the execution of these two 
functions. 

In the organisational set-up visualised here the 
responsibilities of the Centre and the States are sepa- 
rate and exclusive. There is no overlapping. There 
would thus be no cause for unnecessary procedural 
delays and the resultant financial and other losses. 
More than that, this set-up helps eliminate altogether 
the duplication of employment of technical personnel 
which everybody always claims is in short supply. 
To be precise, technical personnel may not then 
have to be employed, as at present, by so many agen- 
cies to do the same job over and over. 


Location of needed resources (fuel and water) as 
well as technological development compel us to plan 
in terms of power systems embracing more than one 
State. Water and fuel resources within a State is 
either more or less than the power requirements of the 
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State. Where it is more and attractive on economic 
considerations, it is in the overall national interest 
that power development there is given priority over 
the neighbouring States’ economic resources which 
may not be so advantageously placed, even when the 
latter States have bigger load development. Such a 
development of power facilities is ultimately in the 
best economic interest of both the power producing 
and consuming States. 

We are at the moment adopting sets of a maxi- 
mum capacity of 125 MW whereas it has been estab- 
lished that sets of 200 or more megawatt capacity 
achieve the maximum economy. Even a 125 MW set. 
to be economic, has to be installed in a power system 
carrying a load at least 10 times the unit capacity. 
So if we are to instal sets that are modern, much 
larger and most economic, the power systems in 
which we install them have to carry loads that are, on 
present estimates, far beyond what any single State 
could develop even at the end of another decade. In 
adopting, therefore, a regional multi-State grid sys- 
tem the country not only could install the most effi- 
cient and economic unit but also could save on in- 
vestment for standby and spinning reserve. 


Standardization of equipment is another advantage 
that could accrue from a regional multi-State grid 
system; for such a system would bring down the 
number of purchasing agencies to the minimum, say 
4 to 5, for the whole country. Consequently, there 
could be saving in both investment and time in in- 
stalling power facilities. 


Regional grid offers maximum load adjustment 
facilities. Since such a grid embraces concentrated 
industrial and urban load centres within a much 
larger area of agricultural and rural industrial load, 
the latter load being easily adaptable to system load 
conditions, the system as a whole could achieve and 
Maintain a very high load factor. This particular 
advantage of high load factor alone is of very great 
importance in promoting rural electrification. 


To sum up, our power problems are of our own 
making. Everywhere it is the unseemly over emphasis 
on State’s autonomy but somewhere it is also the 
misestimation of priorities in development planning. 
Whichever is the root cause of the problem, it is high 
time we took them into serious consideration and 
evolved an abiding and workable solution. 


(Continued from page 18) 


ESTABLISHMENT Of 


bility of generating and supplying power in bulk in 
different regions formed with the consent ‘of the State 
authorities and State Electricity Boards. These Boards 
should be self-financing authorities conducting their 
business on normal commercial lines under a cen- 
tral supervision. The responsibility of distribution of 
power will remain vested in the State Electricity 
Boards. 


There should be a Committee of the representatives 
of the Zonal Boards which will facilitate the inter- 
change of power between different zones through 
inter-Zonal connections. 


It will need sustained effort on the part of a num- 
ber of power engineers to set out the pattern of the 
interconnected regional or zonal grid and to draft 
the constitution of the Zonal Board. It is suggested 
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SUPER-GRIDS AND 


that two committees may be formed consisting of 
power engineers from different States and Corpora- 
tions; one will work out the most convenient pat- 
tern of the zonal grids and future interconnections for 
putting up a programme for consideration of the 
State and the Central Government, and the other 
will draft the constitutional pattern of the Zonal Ge- 
nerating Board and Inter-Zonal Council. 
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Development of Eastern Rivers 


E are glad to note that at last the Government of India has taken a firm decision to get along 

with the Farakka Barrage Project on the Ganges. This should have been taken up long ago, even 
as early as 1950 and in that case the Barrage with its multiple uses would have been in operation by 
now. We have been one of the chief and persistent campaigners for the scheme, not with a parochial 
outlook but with the national interest in view. It is satisfying to find that those in authority have 
now come round to our view albeit belatedly. Let us hope no effort will now be spared to execute 
the scheme on an urgent schedule. 

The Pakistan Government has recently objected to the scheme. But if it takes a reasonable 
view of its own requirements of water from this river it will find that this scheme will not harm it; 
on the contrary, it may prove to be helpful to Pakistan in times of emergency. 

There has now arisen—as it was bound to arise at one time or the other—the problem of co- 
ordinating and integrating water resource development in the entire Eastern Zone covering the river 
systems flowing through Assam, East Pakistan, West Bengal, Sikkim and Bhutan. It is thus a good 
sign that Indian and Pakistani engineers are collecting and exchanging hydrological and other data 
about the rivers of this area. This is a humble but essential beginning. At a later stage it may be 
helpful to evolve and study various projects on this zonal basis. But all this would depend upon the 
existence of goodwill and spirit of co-operation between all the various States concerned. At this 
stage we would suggest that before the States go very much farther in drawing up their respective 
plans for flood control, irrigation and power it may be helpful to draw up a Master Plan for this 
entire zone in which the statewise plans could be fitted in. That is just common sense. We now leave 
it to the authorities to give serious thought to the matter. 


LESSONS FROM POWER SHORTAGE 

In recent months there has been shortage of electric power almost in all the States in the 
country, accompanied by breakdown of plants or delay in the commissioning of new plants that 
were overdue. This has highlighted the power problem all over the country. It now appears that 
this shortage in most place is going to continue for some time. For, the demand for power is 
ascending steeply while the planned installation is not adequate and that even is delayed in being 
on the actual shelf. . 

As a result of this experience several obvious conclusions can be arrived at and it is urgent that 
these are considered by the authorities. 

One of them is that regional inter-state grids should be established without delay in order that 
even the present installed capacities are fully utilised on the basis of fluctuations of load in different 
areas at different periods of the day or seasons. Elsewhere in this issue the matter has been fully 
explained. 

Another obvious conclusion would be that generation needs to be planned also on a regional 
basis, putting up large stations near the site of fuel or hydro source, utilising the latest technical 
developments. But this can be undertaken only when the outlook is no longer restricted by the State 
boundary, Economic and technical considerations must supercede narrow political considerations : 
one cannot have it both. 


The waste of extremely valuable time in putting up a plant must now be stopped. Large power 
stations take at least 5 years even in Western countries to put up—counted from the date of placing 
the order. We here are less efficient. But on top of it we waste years in preliminary stages before 
the plant can be ordered. Can’t we reduce this to the barest minimum? 

It was a sad mistake to have held up several power projects under the Second Plan for lack of 
either finances or foreign exchange. Now we must have learnt the bitter lesson that power must be 
on the shelf far ahead of other industries. At least we should have. Now the stage has been reached 
when far-sighted planning and active execution are more important than the controversy between the 
public and the private sectors. Let us have the results. Let not the authorities waste time in hair- 
splitting ideological issues when the Third Plan itself is threatened by power shortage. 
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Pipe made from ‘‘Union Carbide” 
Polyethylene takes water anywhere on your 
farm. It is light-weight and easy to install ... 
you can haul and handle it yourself. Being 
chemically inert, pipe made from ‘Union 
Carbide” Polyethylene won't rust, scale or be 
affected by soil acids. 

Write to us and we shall be happy to place 
you in touch with manufacturers of pipe made 
from “Union Carbide” Polyethylene. 
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TRADE MAt 


7 Polyethylene 


INDUSTRIAL PRODUCTS SALES DIVISION 
UNION CARBIDE INDIA LIMITED “4 


Formerly NATIONAL CARBON COMPANY (INDIA) LTD. 
BOMBAY e@ CALCUTTA @ DELHI @ MADRAS 


The term UNION CARBIDE is a registered trade mark of Union Carbide Corporation, U.S.A. NCC 34% 
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Unit type, Cast iron clad, 


Low Tension SWITCHBOARDS. ac 











A typical Starter Distribution Board Typical Switchboard incorporating 
incorporating solenoid operated interlocked, high rupturing capacity 
Motor Starters, HRC Fuse Boxes, Switch and Fuse Gear, Busbar 
Busbar Chambers , etc. Chambers, Cable Boxes, etc. 


...now manufactured in India in technical collaboration with 


LAUR. KNUDSEN ELECTRICAL MANUFACTURING CO. LIMITED 


COPENHAGEN, DENMARK 


A complete range of Low Tension Switchboards incorporating 
Switch & Fuse Units, solenoid operated Motor Starters etc. 
can be offered to suit individual requirements. 
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S 7 LARSEN & TOUBRO LIMITED 


P.O. Box 278, Bombay | 
Also at: Calcutta - Madras - New Delhi - Bangalore - Cochin + Ahmedabad 








